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1 
INTRODUCTION 
It is only in times of water shortage that man begins to realize how 
totally dependent all living things are on water. Water is probably one of 
the most important factors determining crop growth and grain yield. 
There are some important physiological processes that contribute to 
the formation of grain in crops. These processes are as follows: photo­
synthesis and translocation of photosynthate to the grain, cell division 
and enlargement, and the accumulation and transport of nutrient elements 
for storage in the grain and for the general functions of cell metabolism. 
Water is one of the fundamental needs for the completion of these physio­
logic processes. 
Grain yield reductions from drought may be large enough to result in 
no grain at all, and even moderate drought can markedly affect grain pro­
duction. In spite of the frequency and importance of this problem, com­
plete knowledge about plant-water relations in soybeans is not available. 
Consequently, a greater understanding of crop deficits and their influence 
on growth, development, and grain yield is needed. 
In view of these facts, this study was undertaken with the following 
objectives: (1) to study soil-moisture stress effects on soybean grain 
yield and yield components, (2) to study relationships between seasonal 
development of soybean vegetative components and soil-moisture stress, 
(3) to observe how the seasonal development of soybean reproductive compo­
nents are influenced by soil-moisture stress, (4) to relate dry matter 
accumulation to the environment of soybeans, and (5) to study the effects 
of soil-moisture stress on general growth indices. 
2 
These experiments were undertaken in the crop seasons of 1977 and 1978 
at the Hinds farm located one mile north of Ames, Iowa. 
3 
LITERATURE REVIEW 
Many factors are important in soybean production, but water stress at 
critical growth periods appears to be one of the most frequently limiting 
factors (Doss et al., 1974). 
Moisture Stress at Critical Growth Periods 
Indeterminate soybeans 
The timing of irrigation is quite important in determining the effect 
of irrigation on grain crop production. In crops of a more indeterminate 
nature, where the reproductive phase may occur over an extended period, the 
existence of critical periods may not be as obvious as in the determinate 
crops. Spooner (1961) found little or no benefit from irrigation before 
flowering and concluded that irrigation could be utilized best during the 
fruiting period. Grissom et al. (1955) reported that irrigation during 
early stages of soybean growth was not beneficial. 
Flowering Moisture stress during the flowering period reduced the 
length of flowering period, the number of flowers, pods, seeds, and seed 
weight of soybeans (Sionit and Kramer, 1977). However, Laing (1966) 
reported that moisture stress early in the flowering period had an insig­
nificant effect on yield components. 
Somerholder and Schleusener (1960) showed a single irrigation of 11 cm 
of water applied at late flowering to be more effective than an equal 
amount applied as two irrigations—one at early flowering and one at late 
flowering—or 19 to 25 cm of water applied to maintain low water tension 
throughout the season. Soybeans have the ability to compensate for reduc­
tions due to stress. The moisture stress during early flowering aborted 
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some flowers, but regrowth after the stress period resulted in more flowers 
in the upper part of the plant (Laing, 1966). 
Results from the 3-year study showed that more response was obtained 
from irrigation water applied after full flowering than when applied ear­
lier. In this study it was concluded that the pod-fill stage was the most 
critical period for adequate moisture to obtain maximum bean yield (Doss 
et al., 1974) . 
Pod development Moisture stress during late pod development 
reduced yield more than any other period (Laing, 1966). Sionit and Kramer 
(1977) reported that moisture stress during pod formation decreased number 
of pods, seeds, and seed dry weight. 
The yield of soybeans is reduced most by moisture stress during the 
late pod development and early bean-filling period (Laing, 1966). Moisture 
stress during early pod formation reduced the number of pods and seeds more 
than any other period (Sionit and Kramer, 1977). 
Pod filling The weight per seed was reduced by moisture stress 
during late pod development and pod filling periods. Soil water deficits 
during pod filling in soybeans caused early leaf death and cessation of pod 
filling, thus decreasing yield (Constable and Heam, 1978). Sionit and 
Kramer (1977) found that weight per seed was reduced most by stress during 
early pod filling. However, stress during pod filling had no effect on the 
number of pods or seeds (Sionit and Kramer, 1977). 
Determinate crops 
In species where the reproductive phase is of short duration and where 
the majority of the population flowers simultaneously, the effects of water 
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stress on reproductive development can be quite marked. In determinate 
species such as corn, there is evidence for a marked critical period. 
Denmead and Shaw (1960) have shown that moisture stress at silking reduced 
grain yield by 51%. Robins and Domingo (1953) found that water stress from 
four weeks after tasseling to maturity reduced yield 31%. 
Van der Paauw (1949) found a critical period in oats was evident at 
heading. The lowered yield was primarily due to barrenness of the inflo­
rescence. Sandhu and Horton (1977) pointed out that reduction in grain 
yield of oats was greater when stress occurred during anthesis than during 
heading. Fischer (1973) worked with wheat in Australia and found that seed 
number was primarily affected by stress from 15 to 5 days before ear emer­
gence but to some extent up to 10 days after anthesis. Johnson and Moss 
(1976) showed that stress after heading reduced total yield and kernal 
weight of wheat plants but did not reduce the number of seeds. 
Aspinal (1965) stated that moisture stress shortly after anthesis 
reduced barley yields. Vaadia et al. (1961) have discussed Russian work on 
wheat and barley where critical periods during reproductive development 
have been reported. 
The Effect of Moisture Stress on Soybean 
Reproductive development 
Grain yield There have been some experiments conducted to investi­
gate the effect of moisture stress on soybean grain yields. Irrigation of 
soybeans northwest of the Caspian Sea at the depletion of soil-moisture 
contents to 60, 70, or 80% field capacity gave average seed yields of 1.42, 
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1.93, and 2.53 tons per hectare, respectively, compared with 0.71 tons per 
hectare without irrigation (Saenko, 1977). 
There was a significant relationship between soybean yield and amounts 
of rain falling during the period between flowering and pod formation. The 
relationship was expressed by a regression equation, which could be used to 
predict yield 40-45 days before harvest (Podgomaia and Kalmykova, 1972). 
Soybean grain yields were increased each year with irrigation in Virginia 
with the average annual increase being 514 kg/ha or 22% (Jones and Lutz, 
1975). 
Doss et al. (1974) reported that soybean yields from adequately 
watered crops were 24-55% higher than where water stress was limiting 
throughout the growing season. A period of stress lasting 12 days during 
most of the vegetative stage gave yield decreases of 25-30% (Mingeau, 
1975). Doubling this period of stress during flowering decreased yields by 
50%. 
Yield components In an effort to more carefully evaluate the sev­
eral factors contributing to the final yield of a crop and especially to a 
crop harvested for grain, agronomists have developed the concept of yield 
components. The final soybean grain yield is usually considered to be a 
product of the following equation: 
Y  =  K x N x P x S x W  
where Y = yield beans per hectare 
K = number of plants per hectare 
N = number of nodes per plant 
P = number of pods per node 
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S = number of seeds per pod 
W = weight per seed 
Experiments have been conducted to show the influence of moisture 
stress on soybean yield components. Water stresses during flowering and 
pod development decreased the number of pods, which resulted from flower 
and pod abortion, and the maximum effect of water stress on yield occurred 
during the bean filling period when stresses decreased both the number of 
beans per pod and the average bean size, as well as the number of pods 
(Laing, 1966). 
The decrease in seed yield of soybeans with stress during flowering 
and pod filling was the result of smaller seed size, whereas the reduction 
in seed yield from stress during flowering was the result of fewer pods at 
maturity (Sullivan and Brun, 1975). 
Momen et al. (1977) showed that the number of harvestable seeds, num­
ber of pods, and the yield of soybean cultivars decreased as the moisture 
stress increased depending on timing. Full season irrigation in determi­
nate soybeans produced a much greater number of pods and dry weight than 
unirrigated treatments (Ashley and Ethridge, 1978). Seed size from non-
irrigated soybeans was smaller than from plants receiving any of the irri­
gation treatment during both 1972 and 1973, but seed size did not differ 
among treatments in 1974 when high August and September rainfall occurred 
(Ashley and Ethridge, 1978). 
Thompson (1977) showed that highly significant increases in soybean 
grain yield were obtained as time of final irrigation was delayed. 
Increased seed weight and higher pod number per plant contributed to the 
yield increase, although most of the increase in yield could be attributed 
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to increased seed weight. In other experiments, soil-moisture treatments 
had a significant effect on seed weight but had no effect on the other com­
ponents (Snyder, 1978). 
Vegetative development 
Leaf area After an initial lag, leaf area production increases 
rapidly and nearly linearly up to the end of blooming, attaining maximal 
leaf area index (LAI) values of 5-8. Thereafter, LAI declines progres­
sively, by abscission lower leaves, during seed filling to LAI values of 
4-6 near physiological maturity, after which the remaining leaves yellow 
rapidly and soon abscise (Shibles et al., 1975). 
Working with soybeans. Buttery (1969) found that at similar planting 
densities narrow revs had greater LAI values than wide rows, and the plants 
abscised more leaves during seed filling. The average leaf age was younger 
in soybeans grown in narrow rows and high population than soybeans grown in 
wide rows and low population. Earlier closing of the canopy in the narrow 
rows resulted in greater abscission of lower leaves (Shibles et al., 1975). 
One of the most important consequences of the sensitivity of cell 
enlargement to small water deficits is a marked reduction in leaf area. 
When water stress occurs under field conditions, a reduction in the leaf 
area is more important than a reduction in net assimilation rate in causing 
decreased crop growth (Watson, 1952). 
The effect of water stress on growth tends to be especially pronounced 
in those tissues that are in rapid stages of development (Williams and 
Shapter, 1955; Gates, 1968). Both cell division and cell enlargement have 
been shown to be sensitive to water stress (Slatyer, 1967; Hsiao et al.. 
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1970). However, cell division has been shown to be less sensitive to water 
stress than cell enlargement (Slatyer, 1967). Cell enlargement is affected 
at very slight stress levels (Hsiao et al., 1970). Slatyer (1970) con­
cluded that reduction in cell enlargement was the ma.in cause of stunting, 
which was perhaps the most common sign of water stress under field condi­
tions . 
Working with whole plants, Boyer (1970) has shown that leaf enlarge­
ment is the first process to respond to water deficit, followed by respira­
tion and then photosynthesis. The photosynthetic response was attributed 
almost solely to stcmatal behavior. 
Sivakumar and Shaw (1978a) reported that the average size and number 
of leaflets per soybean plant were superior in irrigated plots to those in 
nonirrigated plots. Leaf-area distribution in their canopies showed that 
most of the leaves were concentrated in the top layers of the canopy. The 
apparent differences in leaf-area distribution appeared to be mediated by 
moisture stress effects more dominantly than the effects of the variation 
in photosynthetically active radiation (Sivakumar, 1977). 
A reduction in soybean leaf-water potential to less than -8 bars was 
associated with a large reduction in leaf enlargement and, at a leaf-water 
potential of -12 bars, growth was completely halted (Sivakumar, 1977). 
Moisture-stress effects on leaf area could be brought about by influ­
encing leaf size, leaf number, and leaf senescence (Sivakumar, 1977). 
Height Final soybean heights under limited soil-water regimes 
averaged only 5 to 21 cm less than the adequate soil-water regimes (Doss 
et al., 1974). Cultivars had the greatest influence on plant height. 
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Final plant height ranged from 10 to 15 cm greater for Bragg than for 
Hampton 266 (Doss and Thurlow, 1974). 
Dry matter Seasonal dry matter accumulation exhibits essentially a 
linear trend between mid-bloom and late-seed filling, with mayimnm vegeta­
tive dry weight occurring at about mid-bean filling. Vegetative and pod 
dry weights decline during the late stages of bean filling result from 
respiration and mobilization to the bean fraction (Shibles et al., 1975). 
In determinate soybeans, application of supplemental irrigation water 
during vegetative development produced much larger plant dry weight than 
the other irrigation treatments or the unirrigated check. When irrigation 
commenced during either the bloom or pod fill stage, vegetative development 
did not differ. In fact, only during the very dry season of 1972 did the 
nonirrigated check have greatly reduced weight of vegetative plant compo­
nents in comparison to the reproductive stage-irrigation treatments (Ashley 
and Ethridge, 1978). 
Dry weight of vegetative components was the least in Ransom for all 
treatments, followed by Hampton 266A and Coker 102 in increasing order. 
The cultivar differences were evident for practically every date of mea­
surement and every treatment (Ashley and Ethridge, 1978). 
There was apparently a large difference between soybean cultivars in 
the effect of water treatment on the contribution of stem storage to yield. 
In Ruse an estimated 25% of grain dry weight could have come from the 
stems; while in Bragg only the rain fed plants appeared to use stem storage. 
This suggests that Bragg was sink-limited and had little requirement for 
storage carbohydrate, except during stress (Constable and Hearn, 1978). 
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Cultivar by Soil-Moisture Interactions 
A significant cultivar by moisture stress interaction on seed yield 
was detected among cultivars in each of four maturity groups, indicating 
that the effect of soil-moisture stress on soybean yield varied among 
cultivars (Mederski and Jeffers, 1973). Under high-moisture stress condi­
tions, the yield of the most stress resistant cultivars was reduced about 
20%, while yield of the least stress resistant cultivars was reduced about 
40% (Mederski and Jeffers, 1973). 
Mederski and Jeffers (1973) pointed out that under conditions of 
optimum soil-moisture, the difference in yield among cultivars was large 
relative to the difference in yield produced under deficient moisture con­
ditions. They also observed that a low or nonstress soil-moisture level 
permits greater genotypic expression, thereby increasing genotypic variance 
among cultivars. Finally, they concluded that a low soil-moisture stress 
environment appears to be the optimum environment for selecting soybean 
yield attributes. 
Matson (1964) showed that greater response to irrigation was obtained 
with the full season cultivar, Ogden, than with the mid-season cultivar, 
Doirman, or the early cultivar, Clark. 
Momen et al. (1979) concluded that important cultivar-moisture stress 
interactions were difficult to identify. Constable and Hearn (1978) 
reported that both soybean cultivars responded similarly to irrigation. 
Growth Analysis in the Soybean Community 
Techniques used to quantify the components of crop growth are collec­
tively known as "growth analysis" (Koller et al., 1970). Growth analysis 
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is the most practical method of assessing the net photosynthetic production 
(Iwaki et al., 1966). Radford (1967) presented a review of the growth 
analysis formula, their derivation, and necessary conditions for their use. 
Using growth analysis techniques. Buttery (1969) found that there was 
a decline in net assimilation rate as the season progressed. This decline 
was attributed primarily to increasing LAI. Relative growth rate, also, 
declined throughout the season. Crop growth rate increased during the 
first 50 to 60 days after planting and then rapidly decreased. 
Koller et al. (1970) reported that the relative growth rate of indi­
vidual soybean plant fractions steadily decreased at a decreasing rate as 
the season progressed. 
Working with soybeans, Sivakumar (1977) showed that relative growth 
rate and relative leaf growth rate declined with age of the plant because 
the level of self-shading increased. In the same experiment, he concluded 
that net assimilation rate and crop growth rate, calculated by using the 
regression procedure for the uncovered plots, had a marked increase in the 
late part of the season due to a combination of decreasing leaf area and 
increasing dry weights. Classical methods of analysis failed to show this 
feature because of the nonlinear relationship between leaf area and dry 
weight (Sivakumar (1977). 
Koller et al. (1970) concluded that at any given time the most 
recently initiated soybean plant fraction had the greatest relative growth 
rate. Therefore, the growth rate of the leaf component peaked first, fol­
lowed in sequence by supporting, pod wall, and seed components. The crop 
growth rate of each fraction rose to a peak and then declined. 
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Total above-ground relative growth rate declined until early August, 
then rose to a secondary peak in mid-August. At the same time, there 
occurred a peak in total above-ground crop growth rate. The increase in 
relative growth rate and crop growth rate during August is attributable to 
a concurrent increase in net assimilation rate. The increase in the net 
assimilation rate is interpreted to be a response of the photosynthetic 
apparatus to an increased demand for assimilates. The increased demand for 
assimilates was due to rapid growth of the seed fraction (Roller et al., 
1970). 
The classical and regression techniques of growth analysis gave simi­
lar results, but the lower standard errors obtained with the latter 
revealed additional treatment effects (Buttery, 1969). In some circum­
stances, smoothed curves used to describe growth might conceal growth fluc­
tuations due to short-term environmental stress (Buttery, 1969). 
Fischer and Hagan (1965) concluded that crop growth rate appears to be 
sensitive to water stress because leaf area is sensitive to water 
stress. Sivakumar (1977) reported that water deficits reduced the relative 
growth rate, relative leaf growth rate, net assimilation rate, and crop 
growth rate. 
Multiple regression procedures showed that soil water content was a 
very significant variable affecting soybean growth. Growth rates of soy­
beans showed good predictive ability with just two variables, soil water 
content and maximum air or soil temperature (Sivakumar, 1977). 
Cultivars differ in crop growth rate. Hanway and Weber (1971) found 
_2 that crop growth rate during the linear phase varied from 8.8 to 14.9 gm 
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-1 
day among cultivars. Despite this, rate of dry weight increase in the 
—2 1 bean fraction of all cultivars was similar, about 9.9 gm~ day" 
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METHODS AND MATERIALS 
The Site 
The experiments in 1977 and 1978 were conducted at the Hinds Irriga­
tion Farm located one mile north of Ames, Iowa (A2°N latitude and 93°W 
longitude) on a Huntsville silt loam. The plan of the 1978 experimental 
layout is diagrammed in Figure 1. The soil physical and chemical charac­
teristics of the 1978 soybean field are shown in Tables 1 and 2, respec­
tively. The details of the layout and the analysis of variance are shown 
in Appendix A. 
Management 
In 1977 the soybean field had been in maize the previous year. Fer­
tilizer was applied to the field at rate of 56-N, 40-F, and 50-K per 
hectare in the fall of 1976. Six soybean cultivars were hand planted on 
May 13, 1977, at about 250,000 seeds per hectare in 76 cm east-west rows 
after the application of Treflan herbicide. Experimental plots consisted 
of 3 8-meter rows. Weeds were controlled by use of a rotary hoe and hand 
hoeing, as necessary. 
The area used in 1978 was planted to maize the year before. It was 
plowed in the spring incorporating N, F, and K at 200, 70, and 90 kg per 
hectare, respectively. Seven soybean cultivars were planted with a multi-
row unit planter pulled by a tractor on May 15, 1978, at about 500,000 
seeds per hectare in 35.5 cm east-west rows after the application of 
Treflan herbicide. Planting rates for different soybean cultivars are 
given in Appendix B. Each experimental unit consisted of 5 8-meter rows. 
The soybean field was kept weed free by use of a rotary hoe and hand hoeing. 
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Figure 1. Plan of the experimental layout in 1978 
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Table 1. Mean soil physical data^ by depth increments 
Depth Sand Silt Clay 
(cm) >50% 50-2y <2u 
0-30 31 46 23 
30-60 35 44 21 
60-90 44 39 17 
90-120 42 41 17 
120-150 47 37 16 
^Details of soil physical data are given in Appendix C. 
Table 2. Mean soil chemical properties by depth increments^ 
Organic 
Depth matter Soil Available P Available K 
(cm) (%) PH (kg/ha) (kg/ha) 
0-30 2.8 6.8 88 150 
30-60 2.1 7.1 18 63 
60-90 1.7 7.2 20 50 
90-120 1.5 7.4 21 53 
120-150 1.4 7.5 34 54 
^lowa State Soil Testing Laboratory procedures. 
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as necessary. Sevin at the rate of one pound per acre was sprayed on to 
the foliage two times on July 24 and July 30, 1978, to control insects, 
mainly green clover worms (Plathypena scabra) and grasshoppers 
(Schistocerca-Americana). 
Experimental Design 
In 1977 a split plot design was used with the two soil-moisture treat­
ments randomized as the whole plots and six soybean cultivars as the sub­
plots. Each treatment was replicated four times. 
In 1978 the soybean experiment was expanded to include a split plot 
design in eight completely randomized blocks with soil-moisture treatments 
as main plots and seven soybean cultivars as subplots. 
Soil-Moisture Treatments 
Two soil-moisture levels, irrigated and nonirrigated (natural), were 
used in these experiments. 
Furrow irrigation was applied to irrigated plots, and the nonirrigated 
plots were maintained under natural conditions. In 1977 an early season 
drought was followed by above-normal late-season precipitation (Figure 2). 
Weekly furrow irrigation was applied from late June to late July. On occa­
sion all soybean plots were sprinkle irrigated to prevent crop failure. 
In 1978 adequate rainfall during the early season was followed by a 
late dry period (Figure 2). Furrow irrigation was applied on August 8-10, 
1978. In both years plants were watered by means of garden hose connected 
3 to an electric pump. A large tank (3.6 m capacity) near the plots served 
as the water source. The tank was recharged from the main Hinds farm irri­
gation system. 
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Figure 2. Precipitation patterns for 5-day intervals in 1977 and 1978 
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Cultiver Treatments 
The cultivars used in the 1977 experiment were Corsoy, Harcor, Hark, 
Ottilie 7270, Beeson, and Williams (all indeterminate cultivars). These 
cultivars ranged from early to late maturing. Corsoy, Harcor, and Hark 
were early, Ottilie and Beeson were medium late, and Williams was a late 
cultivar. In 1978 Hodgson was added to 1977 cultivars; it was the earliest 
among the seven cultivars. 
Macroclimate Weather Observation 
A standard National Service weather station was located near the 
experiment area. Observations were taken daily between 0800 and 0900 CDT. 
Evaporation was measured in a standard class A evaporation pan located at 
ground level. Maximum and minimum temperatures were measured in a 
Stevenson screen at the standard 1.5 meter height. Precipitation was meas­
ured with a standard 25 cm rain gauge. An anemometer was placed beside the 
evaporation pan at a height of 46 cm. Daily values of photosynthetically 
active radiation were obtained using a quantum radiation sensor equipped 
with an integrator. Daily observations of maximum and minimum temperature, 
open pan evaporation, wind, precipitation, and photosynthetically active 
radiation are given in Appendix D. 
Soil-Moisture Measurement 
Soil-moisture measurements were made using gravimetric probes. Sam­
ples were taken at each 30 cm down to 150 cm depth. Three cores from each 
plot were collected in a can. The samples were weighed and oven dried at 
105°C for 48 hours. The percent moisture by weight was calculated by: 
PW = weight of water/oven dry weight of soil 
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where PW is the percent moisture by weight. Percent water by volume was 
calculated by: 
PV = PW X bulk density of soil/density of water 
where PV is the percent moisture by volume. PV was multiplied by 30.48 to 
convert to centimeters of water per 30 cm of soil. 
The mean soil-moisture levels by depth on July 27 and August 3, 1978, 
are shown in Table 3. The details of the soil-moisture profile are given 
in Appendix E. Figure 3 shows the soil-moisture profile for two soil-
moisture levels on August 12, 1978, for Hark. 
Table 3. Mean soil moisture by depth on July 27 and August 3, 1978 
Depth July 27^ August 3^ 
(cm) (cm) (cm) 
0-30 8.6 7.6 
30-60 8.9 7.4 
60-90 8.6 7.6 
90-120 8.4 8.4 
120-150 8.4 8.6 
^Soil samples were taken from Hodgson natural plots in 1978. 
Soil samples were taken from Williams irrigated plots. 
Plant Measurement 
Above ground whole plants were sampled at weekly intervals beginning 
at the 3-4 or 4-5 node stage in 1977 and 1978, respectively. On each 
sampling date, one plant was randomly selected from each replication. 
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Stage of development was determined, as described by Fehr et al. (1971). 
After plant height was measured, each plant was divided into leaves, branch 
leaves, stem, and pods. Leaf area of all leaves from each plant was meas­
ured with a conveyor belt attachment (Lambda Instruments Corporation, 
Lincoln, Nebraska). The number of leaflets, branch leaflets, and pods on 
each plant was counted at the same time. Plant parts were dried to con­
stant water content in a forced draft oven at 65°C and then weighed. All 
other soybean growth characters were calculated from these measurements and 
plant population estimates. Average internode length on the main stem was 
calculated by dividing plant height by the number of nodes. Lodging score 
was recorded on a visual rating scale based on the average erectness of the 
main stem of 10 plants at maturity: 1 = all plants erect, 2 = slight lodg­
ing, 3 = plant lodged at 45° angle, 4 = severe lodging, 5 = all plants flat. 
Leaf density thickness was calculated by dividing leaf dry weight (g) by 
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the leaf area (dm ). In 1978 additional weekly samples from 1 meter of 
row from each plot were made to determine the total plant dry weight as 
supplemental information. This information was not, however, used in this 
dissertation. 
Nodal Distribution of Yield Components 
At maturity when more than 95% of the pods in a plot were brown, the 
profile study was conducted using 10 plants from each experiment unit in 
block 1 of the 1977 experiment. In 1978 10 plant samples were taken from 
each experimental unit from all eight blocks. Plants were divided into 
10-12 2-node layers, numbered from the bottom to the top of each plant. 
The unifoliate node was counted as node 1. The number of pods, the dry 
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weight of pods, the number of seeds, and the dry weight of seeds were 
determined for each layer. All other yield components were calculated by 
using these measurements. Pods per node were calculated by dividing pod 
number by the node number, seeds per pod were calculated by dividing seed 
number by the pod number, and weight per seed was determined by dividing 
seed dry weight (g) by the number of seeds. 
Harvest Procedure 
In 1977 the final harvest was carried out when all six soybean culti-
2 
vars had reached maturity. Each plot (18 m ) was combined with a self-
propelled plot harvester. 
In 1978 plants were harvested by hand and counted from a central area 
2 3 rows by 1.9 m (2 m ) when more than 95% of the pods in a plot were brown. 
This harvest procedure was used to prevent an undue loss of seeds through 
insect attack, shattering, and rough irrigation furrows. The harvested 
plants were dried, weighed, and stored. The plant harvesting started with 
Hodgson, the earliest cultivar, and ended with Williams, the latest one. 
The date of harvesting for all soybean cultivars is given in Appendix B. 
All stored plants were machine combined on October 15, 1978. 
In both years seeds were cleaned and dried in a forced draft oven at 
65°C and then weighed. After weighing the grain yield was adjusted to 14% 
moisture content. In 1977 100 seeds weight was calculated from dry weight 
of 1000 seeds sampled from the combine harvest from each experiment unit, 
but in 1978 nodal distributions of seed dry weight and seed number were 
used to calculate 100 seeds weight. 
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Growth Analysis 
The primary data for growth-index calculations were the leaf area and 
total dry weights of the individual plants. Growth indices used to charac­
terize soybean production are net assimilation rate (NAR), crop growth rate 
(CGR), relative growth rate (RGR), and relative leaf growth rate (RLGR). 
NAR is the rate of dry matter production per unit leaf area, CGR is 
the rate of dry matter production per unit land area, RGR is the rate of 
dry matter accumulation per unit existing dry weight, and RLGR is the rate 
of leaf area changes per unit existing leaf area. 
The classical methods of growth analysis involve the calculation of 
various mean rates from changes in plant weight and leaf area over time. 
The classical methods were used to calculate the mean growth indices using 
equations given by Buttery (1969) as follows: 
NAR = (w^-w^Xlog^ l^-log^ lj^)/(t2-tj^) (l2-lj) (D 
RGR = (log^ w^-log^ w^)/(t2-tj^) (2) 
RLGR = (logg Iz'log^ l^)/(t2-tp (3) 
CGR = (W^-wp/Ct^-t^) (4) 
LÂÎ = (L2+Lp/2 (5) 
where 1 and w represent leaf area and plant weight per plant and L and W 
are leaf area and plant weight per unit land area. Numbers 1 and 2 repre­
sent consecutive sampling periods. 
Exponential equations were used to describe the seasonal changes of 
dry weight (w) per plant with time (t). Similar changes in leaf area (1) 
per plant with time (t) were best-fit using parabolic functions. 
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w = exp(a+bt+ct ) (6) 
1 = a^+b^t+c^t^ (7) 
a, b, c and a^, b^, are equation parameters determined by regression 
analysis. The equation parameters were used to calculate the growth 
indices using equations given by Buttery (1969). Buttery (1969) used expo­
nential equations for both dry weight (w) per plant and leaf area (1) per 
plant to describe their seasonal changes with time (t). Consequently, NAR, 
RLGR, and LAI equations had to be modified for our study,. The regression 
equations were as follows: 
2 
NAR = (b+2ct)w/l = (b+2ct)e^ /a^+b^t+c^t^ (8) 
RGR = b+2ct (9) 
2 
RLGR = b^+2c^t/a^+b^t+c^t (10) 
CGR = K* (b+2ct)e^'^^*^''""^^ (11) 
LAI = K(a^+b^t+c^t^) (12) 
2 
where K is a factor converting values per plant to values per m of land. 
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RESULTS AND DISCUSSIONS 
The experinents in 1977 and 1978 were conducted to study the effects 
of soil-moisture stress on vegetative and reproductive development of soy­
beans. For each experiment the cultivar differences and soil-moisture 
effects on final grain yield and yield components, seasonal vegetative and 
reproductive development, dry matter accumulation, and growth rates will be 
described, respectively. 
1977 Experiment 
Figure 4 presents the weather data and reproductive stages during the 
crop growing season. Also, this figure has been used for following dis­
cussion. 
The 1977 crop season was characterized by an early warm and dry period 
followed by a cool and wet period. In addition, soil-moisture levels were 
critically low in spring. May and June were notable for their warmth and 
subnormal precipitation. July was characterized as a hot and droughty 
period. August reversed the long dry pattern by averaging in excess of 
8 inches (20 cm) of rainfall. September continued the August wetness with 
seasonal to slightly above normal temperature. Evaporation was increased 
by the high temperatures in May, June, and July, but it was decreased dur­
ing August and September. 
Because of the dry soil-moisture situation in May, seed bed prepara­
tion and plant emergence were poor, and plant density was nonuniform over 
the soybean plots. Sprinkle irrigation in June and July was carried out to 
prevent a complete crop failure. Irrigation sprinkler heads were uninten­
tionally different over the plot area, therefore, some plots received more 
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Figure 4. Crop season daily precipitation, pan evaporation, and air tem­
perature averaged over 3-day intervals, with reproductive stage 
of development as a function of time in 1977 
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irrigation water than did others. At harvesting it was difficult to com­
bine the irrigated plots as they were tall and severely lodged. Also, no 
grain yields were obtained from two plots due to animal problems, and miss­
ing plots techniques (Anderson, 1946) were used to estimate grain yield for 
these two plots. 
All of the above variations resulted with nonuniform replications 
which were, in some cases, significantly different. In general 1977 was a 
very unusual year, and field experimentation of any kind was difficult. To 
minimize these variabilities, we doubled our experiment in 1978 to include 
8 replications instead of 4, and we did not apply sprinkle irrigation at 
all. Also, in 1978 the combine procedure was different and more accurate 
than it was in 1977. These procedures were previously described in the 
methods and materials section. 
Final Grain Yield and Yield Components 
Grain yield and yield components, seed number, and weight per seed are 
displayed in Figures 5 to 8. The numbers on the top of each histogram indi­
cate the stressed soybean characteristic as a percent of the irrigated con­
trol. Table 4 shows significant differences between treatments. Cultivar 
and cultivar by soil-moisture interactions were partitioned into nonortho-
gonal contrasts in the tables to test comparisons of interest. 
For contrast C^, Hark, Corsoy, and Harcor will be referred to as 
"early-maturing cultivars," and Ottilie 7270, Beeson, and Williams will be 
referred to as "late-maturing cultivars." C^ is a contrast of Corsoy and 
Harcor versus Hark. Contrast C^ compares Ottilie 7270 and Beeson versus 
Williams. Contrast C^ shows significant differences between Corsoy and 
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Table 4. Analyses of variance for grain yield, weight per seed, and seeds 
per hectare, 1977 experiment. Cultivars are numbered from 1 to 6 
for Corsoy, Harcor, Ottilie, Beeson, Hark, and Williams, respec­
tively 
Mean square 
Weight 
Grain yield per seed Seeds per 
Source d.f. (kg/ha) (g) hectare 
xlO" xlO -12 xlO 11 
Replication (Rep) 
Soil moisture treatment (SMT) 
Error a 
Cultivar 
272* 
490** 
14 
473** 
3 
17 
28 
3600** 
63* 
168** 
4 
72+ 
Cult 1, 2, 5 
Cult 3, 4, 6 1 1578** 1530** 201* 
^2 - Cult 1, 2 vs Cult 5 1 118 1050** 18 
Cult 3, 4 vs Cult 6 1 633* 160+ 65 
cl = Cult 1 vs Cult 2 1 14 140 30 
ct = Cult 1, 2, 3 4, 5 
vs Cult 6 1 1622** 4440** 1 
Cult X SMT 
C X SMT 
cj X SMT 
ci. X SMT 
C^ X SMT 
C^ X SMT 
Error b 
160 
608* 
49 
2 
6 
3 
129 
17 
12 
8 
0 
8 1  
1 
54 
40 
156* 
14 
0 
1 
31 
29 
Total 47 
+, *, **Significant at the 10, 5, and 1% levels, respectively. 
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Harcor. In the last contrast, C^, Williams will be compared versus the 
combination of all other cultivars. 
Grain yield 
Cultivar, soil-moisture, and cultivar by soil-moisture interaction 
effects will be discussed with regard to grain yield. The grain yield data 
were obtained from combine harvested plots as previously described in the 
methods and materials section. 
Cultivar considerations Contrast C^ (Table 4) and Figure 5 show 
that the late-maturing cultivars, Ottilie 7270, Beeson, and Williams, had 
greater grain yield than did the early-maturing cultivars. Hark, Corsoy, 
and Harcor. The latest cultivar, Williams, produced a greater grain yield 
than did the combination of Ottilie 7270 and Beeson (C^, Table 4 and Fig­
ure 5) and the combination of all other cultivars (C^, Table 4 and Figure 
5). The late season precipitation and a later than normal freeze greatly 
favored this cultivar. 
Soil-moisture considerations The analysis of variance (Table 4) 
shows that the effect of moisture stress on grain yield is significant at 
the 1% level. Soil-moisture stress decreased the grain yield of early-
maturing cultivars (Hark, Corsoy, and Harcor). Significant grain yield 
differences were not observed between stressed and nonstressed late matur­
ing cultivars. Pod development of the late-maturing cultivars was not com­
pleted when the late-season above normal precipitation occurred (Figure 4), 
consequently, this precipitation could be expected to change their grain 
yield pattern. 
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Cultivar by soil-moisture interactions The analysis of variance 
(Table 4) shows that the cultivar by soil-moisture interaction was nonsig­
nificant. One significant contrast was, however, identified for early 
versus late-maturing cultivars (C^ *SMT, Table 4). This leads to the con­
clusion that under these circumstances, soil-moisture stress affected 
early-maturing cultivars but did not have an influence on grain yield of 
late^aaturing cultivars. Probably sprinkle irrigations during June and 
July and August precipitation changed the grain yield differences 
between stressed and nonstressed of late-maturing cultivars more than the 
early-maturing cultivars. In later sections we will show that there were 
differences in seasonal vegetative and reproductive development of soybean 
cultivars before August which were related to the irrigation treatments. 
Mederski et al. (1973) reported that late- and early-maturing cultivars 
responded differently to soil-moisture stress, and they concluded that high 
stress levels had a smaller effect on the late-maturing soybeans than on 
the early-maturing cultivars. 
Yield components 
The analyses of variance for seed number and weight per seed are 
listed in Table 4 with the means displayed in Figure 6. Weight per seed 
was obtained from 1,000 seed weight sampled from the combine harvest. Seed 
number was calculated from grain yield, weight per seed, and estimated 
plant population. 
Cultivar considerations Late-maturing cultivars produced larger 
seeds than did early-maturing cultivars (C^, Table 4 and Figure 6a). The 
combination of Corsoy and Harcor produced smaller seeds than did Hark (C^, 
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Table 4 and Figure 6a). Contrast (Table 4) and Figure 6a show that the 
latest cultivar, Williams, had bigger seeds than did the combination of all 
other cultivars. 
Soil-moisture considerations Soil-moisture stress reduced the num­
ber of seeds for early-maturing cultivars (Table 4 and Figure 6b). Late-
maturing cultivars, however, had not finished their seed set and grain 
filling period when the August rains occurred (Figure 4), therefore, the 
effect of soil-moisture stress on weight per seed was small (Figure 6a). 
Figure 7 shows that the late-maturing cultivars produced larger seeds but 
smaller seed number than did Corsoy. Williams had greater grain yield than 
did Corsoy (Figure 7). 
Cultivar by soil-moisture interactions The analyses of variance 
(Table 4) indicate that the cultivar by soil-moisture interactions were 
nonsignificant for seed number and weight per seed. A significant contrast 
was identified, however, for early- versus late-maturing cultivars (C^ *SMT, 
Table 4). C^ *SMT in Table 4 and Figure 8 lead to the conclusion that 
soil-moisture stress affected the seed number of the early-maturing culti­
vars but did not influence the late-maturing cultivars. 
Other yield characteristics 
Before combining in 1977, we decided to obtain some general prelimi­
nary information about nodal distribution of yield components, but we did 
not have enough time and help to take samples from all replications. For 
this, 10 plant samples were taken just from one replicate. The yield char­
acteristics, as calculated from the nodal distribution sample results, do 
not allow statistical analysis. In this section the results of calculated 
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yield characteristics are presented in Figures 9 to 11 just to show differ­
ences between soybean cultivars. The effect of soil-moisture stress and 
cultivars for nodal distribution of yield characteristics will be discussed 
in a later section. Because of interesting results from this 1977 sample, 
we expanded our experiment in 1978 to include 10 plants collected from each 
of the eight replications. 
It appears from Figure 9 that the combination of late-maturing culti­
vars, Ottilie 7270, Beeson, and Williams, produced more nodes per plant, 
fewer pods per node, slightly greater seeds per pod, and larger seeds than 
did the early-maturing cultivars. Hark, Corsoy, and Harcor. Likewise, 
Figure 10 shows that the combination of early-maturing cultivars had 
greater pod and seed number but larger pod and seed dry weight per unit 
area than the late-maturing cultivars. 
Weight per pod, weight per pod wall, and pod wall dry weight per unit 
land area for the late-maturing cultivars were greater than they were for 
the early-maturing cultivars (Figure 11). 
Nodal distribution of yield characteristics 
These data are presented only for one replicate sample as already 
described in a previous section. The data are presented in graphical form 
for six soybean cultivars and two soil-moisture levels. Figures 12-15 show 
soil-moisture stress effects and cultivar differences for pod number, pod 
dry weight, seed number, and seed dry weight. Each layer includes the com­
bined data for main stem and branches of two nodes, with all branch infor­
mation added to the node from which the branch developed. 
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Figures 12-15 show that these soybean cultivars expressed a greater 
contribution of yield characteristics centered on middle nodes with 
decreased contribution from nodes approaching both ends of the plant. A 
larger percentage of yield from branches was associated with the early-
maturing cultivars. This is reflected by maximum of seed number and pod 
number indicated for Harcor, Corsoy, and Hark in Figures 12-15. 
Pod number, pod dry weight, seed number, and seed dry weight of the 
late-maturing cultivars were less on the bottom nodes compared to early-
maturing cultivars (Figures 12-15). Although these cultivars were geneti­
cally different and were expected to have different yield characteristic 
patterns, their vegetative components were different at the flowering 
period. Table 5 shows that the late-maturing cultivars were developing 
faster, vegetatively, than the early-maturing cultivars, therefore, more 
vegetative growth resulted in reduced pod initiation and/or pod development 
on bottom nodes relative to middle nodes. Greater light interception by 
upper and middle leaves, favorable environmental condition, and a longer 
growth period caused Williams to produce greater grain on upper and middle 
nodes compared to any of the other cultivars (Figures 12-13). 
Soil-moisture stress reduced pod number, pod dry weight, seed number, 
and seed weight on most nodes of the soybean cultivars. Smaller soil-
moisture effects, however, were observed for the late-maturing cultivars, 
particularly Williams, than for the early-maturing cultivars (Figures 12-
15). 
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Table 5. Mean values for vegetative factors of six soybean cultivars at 
flowering in 1977 
Cultivar 
Factor Corsoy Harcor Hark Ottilie Beeson Williams 
Branch number 
Node number 
Height (cm) 
Internode length (cm) 
Leaflet number^ 
2.C Leaf area (car) 
Average leaflet area (cm") 
Stem dry weight (g)^ 
Leaf dry weight (g) ^  
Plant dry weight (g) 
1 3 1 4 5 3 
7 8 6 11 10 10 
39 42 32 47 59 49 
6 6 6 5 7 6 
26 43 20 55 44 39 
1109 1938 771 2581 2305 2432 
43 45 39 47 52 62 
3 6 2 8 8 8 
4 7 3 8 8 9 
7 13 5 16 16 17 
^Sum of leaflets on main stem and branches. 
^Leaf area on main stem and branches. 
^Average leaflet area on main stem. 
^Sum of stem and petiols dry weight. 
^Leaf dry weight on main stem and branches. 
^Plant dry weight refers to whole above ground plant dry weight. 
1978 Experiment 
The precipitation pattern and soil-moisture level in 1978 crop season 
were not comparable to 1977. It started and ended with almost adequate 
precipitation and soil-moisture reserve with a dry period in the middle of 
the season (Figure 16), while in 1977 crop season, early droughty period and 
low soil-moisture levels were intensified through June and July and even­
tually ended with a high late precipitation and extra soil-moisture reserve 
(Figure 4). 
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CULTIVAR 
I 
REPRODUCTIVE STAGE OF DEVELOPMENT 
Hodgson RO R2.7 R5.3 R6.3 R8.0 
Hark RO R2.5 R5.0 R6.0 R7.6 
Corsoy RO R2.3 R5.0 R6.0 R7.6 
Harcor RO R2.4 R5.0 R6.0 R7.5 
Ottilie RO R2.2 R4.5 R6.0 R6.4 
Beeson RO R2.1 R4.6 R6.0 R6.3 
Williams RO R2.0 R3.3 R5.9 R6.0 
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Figure 16. Crop season daily precipitation, pan evaporation, and air tern- • 
perature averaged over 3-day intervals with reproductive stage 
of development as a function of time in 1978 
49 
The following discussion refers to the weather data presented in Fig­
ure 16. The reproductive stages are given in the same figure. In the 1978 
crop season. May was notable for its cold, wet weather, and June began cool 
but ended with a hot and humid week. July was favorable for crop growth 
and development with mild temperature and precipitation averaging above 
normal. The last week of July and the first half of August were dry, con­
sequently nonstressed plants were furrow irrigated in this period. August 
1978 presented a sharp contrast to the previous cool, cloudy, and wet 
August of 1977. September was unusually warm and wet. The hot, sunny, dry 
weather of the first eleven days of September came to an end with torren­
tial rainfalls on the 12th-13th. 
Final Grain Yield and Yield Components 
Grain yield and yield component results are displayed in Figures 17 to 
22. The numbers on the top of each histogram indicate the stressed soybean 
characteristics as a percent of the irrigated control for each cultivar. 
Tables 6 and 7 show significant differences between treatments. Cultivar 
and cultivar by soil-moisture interactions were partioned into nonorthogonal 
contrasts in these tables to test comparisons of interest. 
For contrast C^, Hodgson, Corsoy, Hark, and Harcor will be referred to 
as "early-maturing cultivars," and Ottilie 7270, Beeson, and Williams will 
be referred to as "late-maturing cultivars." Contrast C^ compares Ottilie 
7270 and Beeson versus Williams. C^ is a contrast of Hodgson, Corsoy, and 
Harcor versus Hark. Contrast C^ shows significant differences between 
Ottilie 7270 and Beeson. In contrast C^, Corsoy and Harcor will be 
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Figure 17. Mean grain yield of soybeans grown in 1978 showing the effects of two soil-moisture and 
seven cultivar treatments 
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Figure 20. Seed number as a function of pod number for individual replicates in seven soybean cultl-
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Table 6. Analysis of variance for grain yield (kg/ha), 1978 experiment. 
Cultivars are numbered from 1 to 7 for Corsoy, Harcor, Ottilie, 
Beeson, Hark, Williams, and Hodgson, respectively 
Source d.f. Mean square 
xlO* 
Replication (Rep) 7 12 
Soil moisture treatment (SMT) 1 1787** 
Error a 7 8 
Cultivar (Cult) 6 28 
C = Cult 1, 2, 5, 7 vs Cult 3, 4, 6 1 33 
C^ = Cult 3, 4, vs Cult 6 1 37 
C = Cult 1, 2, 7 vs Cult 5 1 64+ 
C = Cult 3 vs 4 1 0 
C = Cult 1, 2 vs Cult 7 3
C^ = Cult 1 vs Cult 2 1 5 b 
Cult X  SMT 6 14 
C X SMT 1 1843** 
C^ X SMT I 12 
C^ X  SMT 1 8  
C^ X  SMT 1 3  
Cr X SMT 1 73* 
C; X SMT 1 57+ 
o 
Error b 84 17 
Total 111 
+, *, **Significant at the 10, 5, and 1% levels, respectively. 
compared versus Hodgson, the earliest-maturing cultivar. The last contrast, 
C^, presents significant differences between Corsoy and Harcor. 
Grain yield 
Cultivar, soil-moisture, and cultivar by soil-moisture interaction 
effects will be discussed in relation to their effects on grain yield. The 
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Table 7. Analyses of variance for yield components, 1978 experiment. Cul-
tivars are numbered from 1 to 7 for Corsoy, Harcor, Ottilie, 
Beeson, Hark, Williams, and Hodgson, respectively 
Mean square 
Nodes/ Pods/ Seeds/ Weight/ 
Source d.f. plant node pod seed 
xlO° -2 xlO xlO~^ xlO° 
Replication (Rep) 7 3 13 8 51 
Soil moisture treatment (SMT) 1 4 660** 553** 2887** 
Error a 7 3 8 14 52 
Cultivar (Cult) 6 10** 375** 492** 9248** 
Cult I , 2, 5, 7 
Cult 3 , 4, 6 1 84** 2260** 1800** 539** 
C, » Cult 3 , 4 vs Cult 6 1 0 3 110** 3 
Cg - Cult 1 , 2, 7 vs Cult 5 1 33** 160** 250** 26 
^4 = Cult 3 vs Cult 4 1 0 70** 320** 3 
C5 = Cult 1 , 2 vs Cult 7 1 81** 1180** 0 0 
Cult 1 vs Cult 2 1 2 8 0 1 
Cult X SMT 6 1 32** 22+ 311** 
::: 
SMT 1 1.7 34* 7400** 1115** 
SMT 1 0 0 7 6 
C" X SMT 1 1.3 30* 0 320** 
^4 ^  SMT 1 0 0 20 2 C" X SMT 1 1 54** 60* 417** 
SMT 1 2 50** 20 242* 
Error b 84 2 7 11 39 
Total 111 
+ , *, **Significant at the 10, 5, and 1% levels, respectively. 
grain-yield data were obtained from combine harvested plots as described 
earlier in the methods and materials section. 
Cultivar considerations Contrast C^ (Table 6) and Figure 17 show 
that the combination of Corsoy, Harcor, and Hodgson had greater grain 
58 
yield than did Hark. All other contrasts tested nonsignificant at the 10% 
level. 
Soil-moisture considerations The analysis of variance (Table 6) 
shows that the effect of soil-moisture stress on grain yield was signifi­
cant at the 1% level. The mean grain yields are illustrated in Figure 17. 
Soil-moisture stress reduced the grain yield for all soybean cultivars. 
Cultivar by soil-moisture interactions The cultivar by soil-
moisture interaction was nonsignificant, however, highly significant con­
trasts were identified (Table 6). The highly significant interactions 
(C^ *SMT, Table 6) lead to the conclusion that the early-maturing culti­
vars, Hodgson, Hark, Corsoy, and Harcor, had greater grain yield reduction 
due to soil-moisture stress than did late-maturing cultivars, Ottilie 7270, 
Beeson, and Williams. Mederski et al. (1973) also reported that high 
stress levels had a smaller effect on their late-maturing soybeans. 
Soil-moisture stress decreased the grain yield of Hodgson more than 
either Corsoy or Harcor (C^ *SMT, Table 6 and Figure 17). During the late 
season period when above normal rainfall occurred, late-maturing cultivars 
had not completed their grain filling period (Figure 6). Therefore, the 
grain yield of late-maturing cultivars was not affected by soil-moisture 
deficits as much as the early-maturing cultivars. 
Yield components 
The analyses of variance for yield components, node number, pods per 
node, seeds per pod, and weight per seed, are listed in Table 7 with the 
means displayed in Figure 18. The data for node number were obtained from 
the last weekly sample, and all other yield components were calculated from 
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the nodal distribution of yield components as previously described in the 
methods and materials section. 
Cultivar considerations Cultivar differences with respect to node 
number will be discussed followed by discussions relating to pods per node, 
seeds per pod, and weight per seed. 
A comparison of late- versus early-maturing cultivars (C^, Table 7 and 
Figure 18a) shows that the combination of late-maturing cultivars had 
greater node number than did earlier maturing cultivars. The combination 
of Hodgson, Corsoy, and Harcor had significantly fewer nodes than did Hark 
(Cg, Table 7 and Figure 18a); Hodgson, however, produced the fewest number 
of nodes per plant (Figure 18a). Significant differences were not found 
between Williams and the combination of Ottilie 7270 and Beeson (Cg, 
Table 7 and Figure 18a). Figure 19 shows that all ncnstressed cultivars, 
except Hodgson, possessed more nodes per plant than did Corsoy. Again, the 
node number differences between Corsoy and Harcor were not significant (C., 
o 
Table 7). 
A comparison of late- versus early-maturing cultivars (C^, Table 7 and 
Figure 18b) shows that the combination of all early-maturing cultivars pro­
duced more pods per node than did the late-maturing cultivars. The combi­
nation of Hodgson, Corsoy, and Harcor resulted with more poûs per node than 
did Hark (C^, Table 7 and Figure 18b). Contrast C^ (Table 7 and Figure 18b) 
shows that Ottilie 7270 produced fewer pods per node than did Beeson. All 
other contrasts tested nonsignificant at the 10% level. Figure 19 shows 
that nonstressed Hark, Ottilie 7270, Beeson, and Williams had fewer pods 
per node than did Corsoy. Again, the pods per node differences between 
Hodgson, Harcor, and Corsoy were small (Figure 19). Seasonal development 
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of pods per node will be discussed in a later section describing seasonal 
development of reproductive components. 
Contrast (Table 7) compares late- versus early-maturing cultivars 
and in conjunction with Figure 18c shows that late-maturing cultivars pro­
duced more seeds per pod than did the early-maturing cultivars. The com­
bination of Ottilie 7270 and Beeson had fewer seeds per pod than did 
Williams, but there were no seeds per pod differences between Williams and 
Ottilie 7270 (Figure 18c). Hark possessed greater seeds per pod than did 
the combination of all other early-maturing cultivars (C^, Table 7 and Fig­
ure 18c). Figure 20 shows that seed number was closely related to pod 
number and confirms the fact that the late-maturing cultivars had greater 
seeds per pod than did early-maturing cultivars. All other contrasts 
tested nonsignificant at the 10% level. In spite of the fact that there 
were no significant differences between Corsoy and Harcor (C^, Table 7), 
Figure 19 shows that all nonstressed cultivars produced a greater number of 
seeds per pod than did Corsoy. 
Contrast C^ in Table 7 and Figure 18d indicates that the late-maturing 
cultivars produced larger seeds than did the early-maturing cultivars. No 
other contrasts tested significantly different at the 10% level. Again, 
Figure 19 reaffirms that the late-maturing cultivars produced bigger seeds 
than did Corsoy or any of the other earlier cultivars. There were also no 
marked weight per seed differences among the early- or late-maturing culti­
vars (Figure 19). 
Soil-moisture considérât ions The analyses of variance (Table 7) 
show that the effects of moisture stress on all yield components, except 
node number, are highly significant. Furrow irrigation was applied when 
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most of the cultivars had almost completed their vegetative developments, 
so only small effects of soil-moisture stress on node number were observed 
(Figure 18a). The yield component means are displayed in Figure 18. Soil-
moisture stress reduced pods per node and seeds per pod below the irrigated 
controls for all soybean cultivars, but weight per seed was reduced only 
for the early-maturing cultivars. 
The incidence of soil-moisture stress during the period of rapid pod 
growth resulted in a reduction in pods per node, presumably as a result of 
pod or flower abortion and/or the destruction of meristemic, embryonic pod 
tissue. This will be discussed more fully in a later section describing 
seasonal pod development and filling. Also, soil-moisture stress inter­
fered with seed set within nonirrigated pods of Hodgson, Hark, and 
Ottilie 7270 because seeds per pod was smaller. Late-maturing cultivars, 
Beeson and Williams, had not finished their grain filling when late precip­
itation occurred (Figure 16), therefore, the effects of moisture stress on 
weight per seed were small (Figure 18d). Two primary characteristics of 
yield, pod and seed number, will be discussed later in this section. 
Cultivar by soil-moisture interactions Cultivar by soil-moisture 
interactions for pods per node and weight per seed were significant at the 
1% level, and seeds per pod tested significant at the 10% level (Table 7). 
Cultivar by soil-moisture interactions for node number tested nonsignifi­
cant at the 10% level, showing that the effect of moisture stress on node 
number was the same for all soybean cultivars (Table 7). Lesser soil-
moisture effects on pods per node and seeds per pod were evident for the 
late-maturing than for the early-maturing cultivars (C^ *SMT, Table 7 and 
Figures 18b,c). Soil-moisture stress reduced the weight per seed of the 
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early-maturing cultivars but did not affect the late-maturing cultivars, 
Beeson and Williams (Figure 18d and *SMT, Table 7). The effects of 
soil-moisture stress on all yield components, except node number, were 
greater in magnitude for Hodgson than for all other early-maturing culti­
vars (C^ *SMT, Table 7 and Figure 18). The percent reductions of pods per 
node and weight per seed was lower for Harcor than Corsoy (C^ *SMT, Table 7 
and Figure 18b). 
Combined effects of soil-moisture stress on yield components 
From the above considerations in this study, it can be concluded that 
pods per node, seeds per pod, and weight per seed can be affected by mois­
ture stress, but the effects vary depending on the cultivars and their 
stage of development when the soil-moisture stress occurred. The stressed 
grain yield and yield components are presented in Figure 21 as a percent of 
the natural control for each cultivar. 
The following equations were used to calculate yield reduction by 
yield components: 
Y = abed and Y' = (a+AA)(b+AB)(c+AC)(d+AD) 
where Y = yield for control treatment (grams per plant) 
a = nodes per plant for control treatment 
b = pods per node for control treatment 
c = seeds per pod for control treatment 
d = weight per seed for control treatment 
AA = a'-a 
AB = b^-b 
AC = c'-c 
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D = d'-d where primes are components of stressed treatment 
Y = Y'-Y 
Y = (a+AA)(b+AB)(c+AC)(d+AD)-abcd 
Y = bcdAA+acdAB+abdAc+abcAD+cdAAAB+bdAAAc+bcAAAD+adABAc+acABAD 
+abAcAD+dAAABAc+cAAABAD+bAAAcAD+aAbAcAD+AaABACAD 
The last equation represents main effects of yield component (terms 
1-4), the two-way interactions (terms 5-10), the three-way interactions 
(terms 10-14), and the four-way interaction (term 15). figure 22 shows the 
main effects of grain yield and yield components. Also, some small signif­
icant yield component interaction effects were identified but will not be 
discussed. Figures 21-22 are used as an aid in showing the importance of 
the various yield components in causing grain yield reduction as a result 
of soil-moisture stress. These figures show that pods per node and seeds 
per pod were very critical in determining final grain yield differences 
between stressed and nonstressed plants. Yield reduction for the late-
maturing cultivars was closely related to reductions of either pods per 
node or seeds per pod (Figures 21-22). However, for early-maturing culti­
vars the percent of grain yield reduction was related to all yield compo­
nent (except node number) decreases (Figures 21-22). It must be emphasized, 
however, that under different soil-moisture and/or meteorological condi­
tions, these cultivars may show different trends. 
Other yield characteristics 
The analyses of variance for various yield characteristics are given 
in Tables 8-10 with the results of these variables illustrated in Figures 
23-31. These yield characteristics were calculated from the nodal 
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Table 8. Analyses of variance for pod number, dry weight per pod, and pod 
dry weight, 1978 experiment. Cultivars are numbered from 1 to 7 
for Corsoy, Harcor, Ottilie, Beeson, Hark, Williams, and Hodgson, 
respectively 
Mean square 
Weight/ Pod dry 
Pod number/ pod weight 
Source d.f. (mg) (g/m^) 
xlO- xlO" xlO" 
Replication (Rep) 
Soil moisture treatment (SMT) 
Error a 
Cultivar (Cult) 
îi 
C, = Cult 
Cult 1, 2, 5, 7 vs Cult 3, 4, 6 
Cult 3, 4 vs Cult 6 
Cult 1, 2, 7 vs Cult 5 
Cult 3 vs Cult 4 
Cult 1, 2 vs Cult 7 
1 vs Cult 2 
Cult 
C, 
x SMT 
X SMT 
X SMT 
X SMT 
X SMT 
X SMT 
X SMT 
Error b 
Total 
7 20 1 3 
1 952** 76** 496** 
7 12 1 2 
6 816** 219** 15** 
1 3651** 1154** 3 
1 18 3+ 18* 
1 927** 79** 25** 
1 4 0 3 
1 2 2+ 14* 
1 295** 5** 23** 
6 66** 4** 26** 
1 140** 270** 47** 
1 0 0 0 
1 56* 5** 22** 
1 4 1 3 
1 50* 18** 44** 
1 147** 3+ 41** 
84 11 .7 3 
111 
+, *, **Significant at the 10, 5, and 1% levels, respectively. 
distribution of yield components and estimated plant population as 
described previously in the methods and materials section. 
Cultivar considerations Cultivar differences for pod number. 
weight per pod, and pod dry weight will be discussed followed by a 
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Table 9. Analyses of variance for seed number and seed dry weight, 1978 
experiment. Cultivars are numbered from 1 to 7 for Corsoy, 
Harcor, Ottilie, Beeson, Hark, Williams, and Hodgson, respec­
tively 
Mean square 
Source d.: f. 
Seed 
number/ 
m2 
Seed dry 
weight 
(g/mZ) 
3 
xlO xlO 
Replication (Rep) 7 74 1 
Soil moisture treatment (SMT) 1 7627** 298** 
Error a 7 62 2 
Cultivar (Cult) 6 2229** 9** 
c, = Cult 1, 2, 5, 7 vs Cult 3, 4, 6 1 13875** 5 
Cg = Cult 3, 4 vs Cult 6 1 41 3 
C3 = Cult 1, 2, 7 vs Cult 5 1 2643** 20** 
C? = Cult 3 vs Cult 4 1 237* 3 
ct = Cult 1, 2 vs Cult 7 1 422** 11* 
Cult 1 vs Cult 2 1 720** 12* 
Cult X  SMT 6 390** 14** 
C X  SMT 1 744** 28** 
C' X  SMT 1 5 0 
SMT 1 375* 15** 
SMT 1 20 1 
C| X  SMT 1 811** 23** 
SMT 1 385** 17** 
Error b 84 56 2 
Total 111 
*, **Significant at the 5 and 1% levels, respectively. 
discussion of seed number and seed dry weight. Then cultivar differences 
for weight per pod wall and pod wall dry weight will be discussed. 
Contrast (Table 3 and Figures 23-24) shows that the early-maturing 
cultivars, Hodgson, Corsoy, Hark, and Harcor, had more but smaller pods 
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Table 10. Analyses of variance for dry weight per pod wall and pod wall 
dry weight, 1978 experiment. Cultivars are numbered from 1 to 7 
for Corsoy, Harcor, Ottilie, Beeson, Hark, Williams, and Hodgson, 
respectively 
Mean square 
Weight per Pod wall 
pod wall dry weight 
Source d.f. (mg) (g/m^) 
-4 2 
xlO xlO 
Replication (Rep) 7 1 6 
Soil moisture treatment (SMT) 1 16** 251** 
Error a 7 2 2 
Cultivar (Cult) 6 233** 16** 
C = Cult 1, 2, 5, 7 vs Cult 3, 4, 6 1 1192** 7+ 
C = Cult 3, 4 vs Cult 6 1 84** 64** 
C_ = Cult 1, 2, 7 vs Cult 5 1 106** 3 
C, = Cult 3 vs Cult 4 1 3+ 0 
C = Cult 1, 2 vs Cult 7 1 0 2 
C, = Cult 1 vs Cult 2 
o 
1 1 20** 
Cult X  SMT 6 6** 20** 
C X  SMT 1 7** 25** 
C g  X  SMT 1 0 0 
C X  SMT 1 2 5 
C^ X  SMT 1 10** 11* 
C^ X  SMT 1 10** 34** 
C g  X  SMT 1 10** 52** 
Error b 84 1 2 
Total 111 
+, *, ^ ^Significant at the 10, 5, and 1% levels, respectively. 
than did the late-maturing cultivars, Ottilie 7273, Beeson, and Williams. 
Therefore, pod dry weight does not seem to be different for the early- and 
late-maturing cultivars. Contrast (Table 8) and Figures 23-24 indicate 
that Hark produced fewer pods, less pod dry weight, and larger pods than 
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did the combination of all other cultivars. Likewise, Figure 25 shows that 
pod number and pod dry weight were closely related to each other for all 
cultivars. Late- and early-maturing cultivars separated very well, confirm­
ing that late-maturing cultivars produced larger pods than did early-
maturing cultivars. Hark was, however, between the maturing extreme in 
this relation (Figure 25). 
Because early-maturing cultivars had smaller seeds (Figure 18d) but a 
greater number (Figure 26a), seed dry weight differences were small between 
the early- and late-maturing cultivars (C^, Table 9 and Figure 26b). Hark 
had fewer seeds and lesser dry weight than did the combination of all other 
early-maturing cultivars (C^, Table 9 and Figure 26). 
Figure 27 presents the linear relationship between seed number and 
seed dry weight and reaffirms that late-maturing cultivars produced bigger 
seeds than did early-maturing cultivars, however. Hark was different than 
either the late- or the early-maturing cultivars. 
Also, the early-maturing cultivars produced smaller pod walls and less 
pod wall dry weight than did the late-maturing cultivars (C^, Table 10 and 
Figure 28). Other significant cultivar contrasts are noted in Tables 8-10. 
Again, Figure 29 shows that there was a linear relationship between pod num­
ber and pod wall dry weight. Late-maturing cultivars produced fewer pods 
but larger pod wall dry weight when compared to early-maturing cultivars, 
reaffirming that they had smaller weight per pod wall than did earlier cul­
tivars (Figure 29). Hark was between early- and late-maturing cultivars 
(Figure 29). 
Figure 30 shows that all cultivars, except Hodgson, possessed fewer 
pods and seeds and smaller pod dry weight, seed dry weight, and pod wall 
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dry weight than did Corsoy. The late-maturing cultivars and Hark produced 
larger pods, seeds, and pod walls than did Corsoy (Figure 30). 
Soil-moisture considerations The analyses of variance (Tables 8-10) 
show that the effects of moisture stress on all soybean characteristics 
were significant at the 1% level. With only two exceptions, soil-moisture 
stress reduced all soybean characteristics below the irrigated controls, 
but the magnitude of the effects varied over cultivars (Figure 31). 
Cultivar by soil-moisture interactions Some cultivar by soil-
moisture interactions for soybean characteristics were significant at the 
1% level (Tables 8-10). The magnitude of the soil-moisture stress effects 
on all yield characteristics, ercept pod dry weight, were greater for early-
than for late-maturing cultivars (C^ *SMT, Tables 8-10 and Figure 31). 
Within the early maturing cultivars, the percent reduction of these yield 
characteristics for Hark and Harcor were less affected than for Hodgson and 
Corsoy (C^ *SMT, Table 8 and Figure 31). Most contrasts * soil-moisture 
stress interactions involving the late-maturing cultivars showed signifi­
cant differences exceeding the 10% level (Tables 8-10). Overall cultivars, 
the percent reductions compared to irrigated controls, were generally 
larger for Hodgson (Figure 31). 
Combined effects of soil-moisture stress on yield characteristics 
From the above considerations, it can be concluded that all yield 
characteristics may be affected by soil-moisture stress, but the effects 
vary with the cultivars and their stage of development when the soil-
moisture stress occurred. The stressed yield characteristics are presented 
in Figure 31 as a percent of the nonstressed treatment. This figure is 
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used as an aid to compare the effects of soil-moisture stress on all soy­
bean characteristics. 
Figure 31 shows that the magnitude of the effect of soil-moisture 
stress on pod number, pod dry weight, seed number, seed dry weight, and pod 
wall dry weight was greater than for weight per pod, weight per seed, and 
weight per pod wall. Yield characteristic dry weights reflect effects of 
both number and weight per unit, consequently, the effects of soil-moisture 
stress on dry weights were larger than on number or weight per unit of 
yield characteristics (Figure 31). 
It must be emphasized that plant population was lower for late- than 
for early-maturing cultivars (Appendix B), therefore, the yield character­
istics per unit area were different from yield characteristics per plant as 
far as cultivar differences are considered. Yield characteristics per 
plant will be discussed later in the nodal distribution of yield components 
section. 
Nodal distribution of yield characteristics 
The analyses of variance on the nodal distribution of yield character­
istics for different soybean cultivars are given in Table 11. The mean 
values presented in graphical form in Figures 32-43 for seven soybean cul­
tivars and two soil-moisture levels show soil-moisture effects and cultivar 
differences for yield characteristics. Each layer includes the combined 
data for main stem and branches of two nodes, with all branch information 
added to the node from which the branch developed. The effect of cultivar 
and soil-moisture treatments on pods, pod walls, and seeds will be dis­
cussed, respectively. 
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Table 11. Analyses of variance for nodal distribution of yield character­
istics based on 10-plant sample, 1978 experiment 
Cultivar 
Factor Source Hodgson Hark Corsoy Harcor Ottilie Beeson Williams 
Pod SMT* ** ** ** NS^ * ** ** 
number NDGR ** •kit ** ** ** ** ** 
SMTxNDGR ** NS ** ** NS NS * 
Seed SMT ** ** ** ** ** ** ** 
number NDGR ** ** ** ** ** ** ** 
SMTxNDGR ** * ** ** ** ** ** 
Pod dry SMT ** ** ** * ** ** ** 
weight NDGR ** ** X* ** ** ** ** 
SMTxNDGR ** ** ** ** ** * ** 
Seed dry SMT ** ** ** * ** ** ** 
weight NDGR ** ** ** ** ** ** ** 
SMTxNDGR ** ** ** ** ** ** ** 
Weight per SMT ** ** ** * * NS NS 
pod NDGR ** ** ** ** ** ** ** 
SMTxNDGR ** ** NS NS NS NS + 
Weight per SMT ** * ** * * NS NS 
seed NDGR ** * ** ** ** ** ** 
SMTxNDGR ** NS NS ** NS NS NS 
Seeds per SMT ** * NS NS ** NS NS 
pod NDGR ** ** ** ** ** ** ** 
SMTxNDGR NS ** NS NS NS NS NS 
Weight per SMT •kit + ** NS ** NS NS 
pod wall NDGR ** ** ** ** ** ** ** 
SMTxNDGR f ; *  NS * NS NS NS ** 
^SMT = soil moisture treatment. 
^NS = nonsignificant. 
%DGR = nodal group. 
+, *, **Significant at the 10, 5, and 1% levels, respectively. 
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Figure 33. Mean nodal distribution of pod dry weight for two soil-moisture 
levels and seven soybean cultivars, 1978 experiment 
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the effects of soil-moisture and cultivar treatments 
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Figure 36. Mean nodal distribution of pod wall dry weight for two soil-
moisture levels and seven soybean cultivars, 1978 experiment 
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Figure 38. Mean nodal distribution of dry weight per pod wall for two soil-
moisture levels and seven soybean cultivars, 1978 experiment 
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the effects of soil-moisture and cultivar treatments 
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Pod information. On the bottom nodes, pod number and pod dry weight 
of late-maturing cultivars were small (Table 11 and Figures 32-33). 
Although these cultivars were genetically different and were expected to 
show different yield characteristic patterns, late-maturing cultivars pro­
duced larger leaf area and dry matter at flowering than did early-maturing 
cultivars (Table 12); therefore, more vegetative growth resulted in reduced 
pod initiation and/or pod development on lower nodes relative to middle 
nodes. From Table 13 and Figure 34a, it can be concluded that late-
maturing cultivars produced fewer pods compared to early-maturing cultivars. 
These cultivar differences mainly resulted from bottom nodes where late-
maturing cultivars produced less pods (Figure 32). 
In spite of the fact that early-maturing cultivars produced more dry 
weight on the bottom nodes compared to late-maturing cultivars, late-
maturing cultivars produced greater pod dry weight on upper nodes resulting 
with larger pod dry weight per plant (C^, Table 12 and Figure 33b). Also, 
late-maturing cultivars produced bigger pods on the upper nodes than did 
early-maturing cultivar^ (Table 11 and Figure 35). 
Soil-moisture stress reduced pod number and pod dry weight of all soy­
bean cultivars (Table 11 and Figures 32-34). Soil-moisture by node number 
interactions were significant for most of the cultivars, indicating that 
the effect of soil-moisture stress was different on different nodes. In 
addition, soil-moisture stress decreased weight per pod for most of the 
cultivars (Figure 35 and Table 11). Small soil-moisture effects on weight 
per pod were observed for the late-maturing cultivar Beeson (Table 11 and 
Figure 35). 
Table 12. Mean values for vegetative factors of seven soybean cultivars at flowering in 1978 
Factor 
Cultivar 
Hodgson Corsoy Harcor Hark Ottilie Beeson Williams 
Branch number 
Node number 
Height (cm) 
Internode length (cm) 
Leaflet number , 
T c / 2\b Leaf area (cm ) 
Average leaflet area (cm'") 
Stem dry weight (g)^ 
Leaf dry weight (g) 
Plant dry weight (g) 
2.C 
1 2 1 2 2 2 1 
4 7 7 7 7 7 10 
25 43 39 35 34 37 52 
7 7 7 5 5 5 5 
19 20 18 19 21 21 23 
952 1192 1067 1188 1301 1335 1969 
43 60 54 48 52 50 85 
2 4 3 3 3 4 6 
1 4 3 3 3 3 7 
4 8 8 8 8 9 13 
Leaflet on main stem. 
Leaf area on main stem and branches. 
'Average leaflet area on main stem. 
^Sum of stem and petiols dry weight. 
'Leaf dry weight on main stem and branches. 
Plant dry weight refers to whole above ground plant dry weight, 
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Table 13. Analyses of variance for pod number and pod dry weight based on 
10-plant sample, 1978 experiment. Cultivars are numbered from 
1 to 7 for Corsoy, Harcor, Ottilie, Beeson, Hark, Williams, and 
Hodgson, respectively 
Mean square 
Pod dry 
Pod number weight 
Source per plant (g/plant) 
, .3 3 
xlO xlO 
Replication (Rep) 7 6 1 
Soil-moisture treatment (SMT) 1 305** 160** 
Error a 7 4 1 
Cultivar (Cult) 6 173** 5** 
Ct = Cult 1, 2, 5, 7 vs Cult 3, 4, 6 1 17* 6* 
c: = Cult 3, 4 vs Cult 6 1 1 0 
Cult 1, 2, 7 vs Cult 5 1 16* 5* 
cj = Cult 3 vs Cult 4 1 29** 13** 
c' = Cult 1, 2 vs Cult 7 1 77** 10** 
Cult 1 vs Cult 2 1 1 0 
Cult X SMT 6 15** 5** 
C X SMT 1 35** 9** 
X SMT 1 3 0 
c!: X SMT 1 11+ 5* 
Cf SMT 1 1 1 
4 SMT 1 5 10** 
SMT 1 45** 13** 
Error b 84 3 1 
Total 111 
+, **Significant at 10, 5, and 1% levels, respectively. 
Pod wall information Although early-maturing cultivars produced 
larger pod wall dry weight on bottom nodes when compared to late-maturing 
cultivars, late-maturing cultivars had greater pod wall dry weight on upper 
nodes (Figure 36). Consequently, late-maturing cultivars possessed bigger 
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pod wall dry weights per plant than did early-maturing cultivars (Table 14 
and Figure 37). Also, late-maturing cultivars had larger weight per pod 
wall on upper nodes than did early-maturing cultivars (Figure 38). Soil-
moisture stress decreased pod wall dry weight on many nodes, nevertheless, 
the effect of soil-moisture stress for Beeson and Harcor was small (Figures 
36-37 and Table 14). Weight per pod wall was affected by soil-moisture 
stress for most soybean cultivars. A small effect, however, was observed 
for Beeson and Harcor (Figure 38 and Table 11). 
Seed information Seed number and seed weights of late-maturing 
cultivars were not so great on the bottom nodes compared to early-maturing 
cultivars (Table 11 and Figures 39-40). Table 15 and Figure 41a indicate 
that late-maturing cultivars produced less seeds compared to earlier culti­
vars; however, these cultivar differences were mainly resulted from bottom 
nodes (Figure 39) where late-maturing cultivars produced a small amount of 
seeds. 
Even though early-maturing cultivars had more seed weight on the bot­
tom nodes compared to late-maturing cultivars (Figure 40), late-maturing 
cultivars produced larger seed dry weight on upper nodes. This resulted 
with no significant differences in total plant seed dry weight between 
early- and late-maturing cultivars (C^, Table 15 and Figure 41b), Like­
wise, late-maturing cultivars produced larger weight per seed on upper 
nodes compared to early-maturing cultivars (Figure 42). 
Soil-moisture stress decreased seed number and seed weight on most 
nodes for all soybean cultivars (Table 11 and Figures 39-41). Highly sig­
nificant soil-moisture by node number interaction confirms that the effect 
of soil-moisture stress at different nodes was not the same. The effect of 
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Table 14. Analysis of variance for pod wall dry weight (g/plant) based on 
10-plant sample, 1978 experiment. Cultivars are numbered from 
1 to 7 for Corsoy, Harcor, Ottilie, Beeson, Hark, Williams, and 
Hodgson, respectively 
Source d,f. Mean square 
Replication (Rep) 7 2 
Soil-moisture treatment (SMT) 1 79** 
Error a 7 1 
Cultivar a 6 11** 
C = Cult 1, 2, 5, 7 vs Cult 3, 4, 6 1 23** 
C„ = Cult 3, 4 vs Cult 6 1 11** 
C = Cult 1, 2, 7 vs Cult 5 1
C^ = Cult 3 vs Cult 4 1 32** 
C^ = Cult 1, 2 vs Cult 7 1 11** 
C^ = Cult 1 vs Cult 2 0b 
Cult X SMT 6 5** 
C X SMT 1 7** 
C^ X SMT 1 17** 
C^ X SMT 0
C^ X SMT 12 
C* X SMT 1 3+ 
C^ X SMT 1 8** 
6 
Error b 84 1 
Total 111 
+, *, **Significant at 10, 5, and 1% levels, respectively, 
soil-moisture stress on weight per seed of late-maturing cultivars, Beeson 
and Williams, was small (Table 11 and Figure 42) ; however, soil-moisture 
stress reduced weight per seed on most nodes of early-maturing cultivars 
(Table 11 and Figure 42). Early-maturing cultivars had fewer seeds per pod 
on upper nodes when compared to late-maturing cultivars (Figure 43). Seeds 
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Table 15. Analyses of variance for seed number and seed dry weight (g) 
based on 10-plant sample, 1978 experiment. Cultivars are num­
bered from 1 to 7 for Corsoy, Harcor, Ottilie, Beeson, Hark, 
Williams, and Hodgson, respectively 
Mean square 
Seed dry 
Seed number weight 
Source d.f. per plant (g/plant) 
Replication (Rep) 
Soil-moisture treatment (SMT) 
Error a 
Cultivar (Cult) 
C = Cult 1, 2, 5, 7 vs Cult 3, 4, 
C_ = Cult 3, 4 vs Cult 6 
C = Cult 1, 2, 7 vs Cult 5 
C, = Cult 3 vs Cult 4 
C^ = Cult 1, 2 vs Cult 7 
C, = Cult 1 vs Cult 2 
o 
Cult X SMT 
C X SMT 
C^ X SMT 
C^ X SMT 
C^ X SMT 
C^ X SMT 
C^ X SMT 0 
Error b 
Total 
3 2 
xlO xlO 
7 22 3 
1 2463** 969** 
7 19 6 
6 341** 19** 
1 1703** 7 
1 32 0 
1 23 5 
1 39 32* 
1 256** 40** 
1 7 0 
6 71** 26** 
1 167** 58** 
1 0 1 
1 6 27* 
1 1 2 
1 123** 24* 
1 88* 32* 
84 18 5 
111 
+, *, **Significant at 10, 5, and 1% levels, respectively. 
per pod was reduced by soil-moisture stress on many nodes for Hodgson, 
Hark, and Ottilie 7270 (Table 11 and Figure 43). 
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SEASONAL DEVELOPMENT OF VEGETATIVE COMPONENTS 
1977 Experiment 
Height, node number, intemode length, leaf area, leaflet number, 
average-leaflet area, and leaf density-thickness (dry weight/leaf area) 
development are displayed in Figures 44-50. Reproductive stage (R) numbers 
are based on flowering, pod development, seed development, and plant matur­
ation, as described by Fehr et al. (1971). Each stage is given a reproduc­
tive stage (R) number and an abbreviated title (Table 16). 
Table 16. Abbreviated titles for reproductive stages 
Stage no. Abbreviated stage title 
Beginning bloom 
^2 Full bloom 
S Beginning pod 
Full pod 
S Beginning seed 
^6 Full seed 
4 Beginning maturity 
%8 Full maturity 
Analyses of variance for vegetative components are given in Table 17. 
Plant height 
Figure 44 shows cultivar plant-height differences, as measured weekly 
across all plots, regardless of stage. At beginning maturity (R^), the 
cultivar heights varied through a range of 30 centimeters in the irrigated 
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Table 17. Analyses of variance for height, node number, leaf area, average 
leaflet size, and leaf density-thickness (dry weight/leaf area) 
for six soybean cultivars and two soil-moisture levels in 1977 
Days 
after 
planting Source Height 
Factor 
Average Leaf 
Node Leaf leaflet density-
number area size thickness 
33 SMT 
Cult^ 
SMT X Cult 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
40 SMT 
Cult 
SMT X Cult 
NS 
NS 
NS 
NS 
NS 
+ 
+ 
NS 
+ 
* 
** 
NS 
NS 
* 
+ 
47 SMT 
Cult 
SMT X Cult 
* 
* 
NS 
NS 
* 
+ 
* 
** 
* 
* 
** 
NS 
NS 
** 
NS 
55 SMT 
Cult 
SMT X Cult 
** 
NS 
NS 
NS 
NS 
+ 
NS 
NS 
* 
* 
NS 
* 
NS 
62 SMT 
Cult 
SMT X Cult 
* 
** 
NS 
NS 
* 
NS 
+ 
NS 
NS 
* 
+ 
NS 
* 
NS 
NS 
69 SMT 
Cult 
SMT X Cult NS 
NS 
NS 
* 
NS 
** 
NS 
** 
** 
NS 
** 
+ 
NS 
76 SMT 
Cult 
SMT X Cult 
* 
** 
** 
* 
NS 
*A 
* 
* 
* 
* 
** 
+ 
* 
** 
NS 
82 SMT 
Cult 
SMT X Cult 
* 
** 
NS 
* 
* 
NS 
** 
NS 
* 
** 
NS 
NS 
** 
NS 
SMT = soil-moisture treatment. 
NS = nonsignificant. 
'Cult = cultivar. 
+, *, ^ ^Significant at the 10, 5, and 1% levels, respectively. 
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Table 17, (continued) 
Factor 
Days Average Leaf 
after Node Leaf leaflet density-
planting Source Height number area size thickness 
90 SMT 
Cult 
SMT X Cult 
* 
** 
+ 
+ 
NS 
NS 
+ 
** 
NS 
** 
* 
* 
NS 
97 SMT 
Cult 
SMT X Cult 
** 
** 
* 
+ 
* 
NS 
+ 
** 
NS 
** 
** 
** 
** 
** 
NS 
104 SMT 
Cult 
SMT X Cult 
* 
+ 
NS 
** 
* 
+ 
** 
+ 
NS 
** 
** 
NS 
NS 
+ 
NS 
111 SMT 
Cult 
SMT X Cult 
A 
* 
NS 
* 
* 
NS 
* 
* 
NS 
* 
** 
NS 
NS 
NS 
NS 
118 SMT 
Cult 
SMT X Cult 
* 
* 
NS 
* 
* 
NS 
* 
* 
NS 
* 
** 
NS 
NS 
NS 
NS 
129 SMT 
Cult 
SMT X Cult 
* 
* 
NS 
* 
** 
NS 
* 
* 
NS 
* 
** 
NS 
NS 
NS 
NS 
plots, with Ottilie 7270 being the shortest at 135 centimeters and Williams 
the tallest at 165 centimeters (Figure 44). At the same time, there was 
less than 10 centimeters height difference between Corsoy, Hark, and Beeson. 
The effects of soil-moisture stress on plant height development are 
displayed in Figure 44, and they show that soil-moisture stress reduced 
plant height for all cultivars. Although no cultivar by soil-moisture 
interactions occurred at most weekly measurements (Table 17), Figure 44 
shows smaller soil-moisture effects on late-maturing cultivars than on 
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early-maturing cultivars. Probably the late season precipitation favored 
natural plots of late-maturing cultivars more than early-maturing cultivars. 
At beginning maturity (R^), the greatest height differences (Figure 44) 
between irrigated and nonirrigated plants occurred for Harcor (56 centi­
meters) and the smallest for Ottilie 7270 (20 centimeters). 
Node number 
Figure 45 shows how these cultivars varied in node number, as measured 
weekly across all plots- At beginning maturity (R^), nonirrigated, late-
maturing cultivars had more nodes than did early-maturing cultivars, how­
ever, smaller cultivar differences were observed in irrigated plots when 
compared to natural plots. 
The effects of soil-moisture stress on node number development are 
illustrated in Figure 45. Soil-moisture stress reduced node number of all 
soybean cultivars. In spite of the fact that no cultivar by soil-moisture 
interactions were found during the late-season measurements (Table 17), 
Figure 45 shows that late-maturing cultivars were less affected by soil-
moisture stress. At beginning maturity (R^), the greatest node number dif­
ference (4 nodes) between irrigated and nonirrigated plants occurred for 
Corsoy. The smallest difference for late-maturing cultivars, Ottilie 7270, 
Beeson, and Williams, was less than 2 nodes. 
Internode length 
Figure 46 exhibits internode length differences between these six soy­
bean cultivars, as calculated weekly for all soybean plots by dividing 
height by node number. At beginning maturity (R^), the internode lengths 
varied through a range of 1 centimeter in natural plots, with Beeson being 
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the shortest at 5.6 centimeters and Harcor the tallest at 6.5 centimeters. 
In general the internode length of late-maturing cultivars was shorter than 
for early-maturing cultivars (Figure 46). 
The effects of soil-moisture on internode development are illustrated 
in Figure 46. While no statistical analyses were calculated on internode 
length. Figure 46 shows that soil-moisture stress reduced internode length 
for all soybean cultivars at most weekly measurements. From Figures 44-46 
it can be concluded that the soil-moisture effects on the height of late-
maturing cultivars were reflected mainly by differences in internode length. 
But soil-moisture effects on the height of early-maturing cultivars were 
reflected by both differences in node number internode length. 
Plant-leaf area 
The leaf area per plant is plotted versus days after planting in Fig­
ure 47. This figure shows that at seed development (R^-R^) most of soybean 
cultivars had attained their greatest seasonal leaf area. The decreased 
leaf area observed during the late part of growing season is due to senes­
cence (Figure 47). 
These soybean cultivars were dissimilar in their seasonal leaf area 
development, as measured weekly across all plots. At beginning seed devel-
2 
opnent (R^), the leaf areas differed through a range of 2200 cm per plant 
2 in irrigated plots, with Hark being the smallest at 2200 cm and Williams 
2 the greatest at 4400 cm per plant. At the same time, there was a leaf 
2 
area difference less than 400 cm between irrigated Corsoy, Harcor, Ottilie 
7270, and Beeson (Figure 47). 
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Soil-moisture stress reduced leaf area for all cultivars at most 
weekly measurements. In a review of water deficit effects on plant growth, 
Fischer and Hagan (1955) concluded that leaf expansion was very sensitive 
to water stress. 
Leaflet number 
In Figure 48 the number of leaflets is plotted against days after 
planting. It indicates that during seed development (R_-R^), most culti­
vars possessed their seasonal maximum of this parameter. The decrease in 
leaflet number observed during the late part of the growing season is due 
to leaf drop. 
Soybean cultivars varied in their leaflet number at most weekly meas­
urements. At beginning seed development (R^), the leaflet number differed 
through a range of 8 in irrigated plots, with Hark, Harcor, Corsoy, Ottilie 
7270, and Beeson being the smallest at 38 and Williams the largest at 
46 leaflets. 
The effects of soil-moisture stress on leaflet number are shown in 
Figure 48. While no statistical analyses were calculated for leaflet num­
ber, Figure 48 shows that soil-moisture stress reduced leaflet number of 
most soybean cultivars, however, smaller soil-moisture stress effects were 
observed for Hark and late-maturing cultivars when compared to Corsoy and 
Harcor. 
Average-leaflet area 
In Figure 49 the average-leaflet area is plotted against days after 
planting. The decrease in average-leaflet area observed during the later 
I l l  
part of the growing season is due to the loss of relatively large leaflets 
in the bottom part of the canopy (Figure 49). 
Figure 49 shows that these cultivars were different in average-leaflet 
area at most weekly measurements. At beginning seed development (R^), 
2 
average-leaflet area varied through a range of 36 cm in irrigated plots, 
2 2 
with Hark being the smallest at 58 cm and Williams the largest at 95 cm . 
At the same time, the average leaflet area of irrigated Corsoy, Harcor, 
2 
Ottilie 7270, and Beeson differed by only 10 cm (Figure 49). 
Soil-moisture stress reduced the average-leaflet area for all soybean 
cultivars at most weekly measurements. Sivakumar and Shaw (1978a) reported 
that soil-moisture stress decreased average-leaflet area of soybean. 
Leaf density-thickness 
Leaf density-thickness was calculated by dividing whole, plant leaf 
2 dry weight (g) by whole plant leaf area (dm ). The effects of soil-
moisture stress and cultivar differences for leaf density-thickness devel­
opment are shown in Figure 50. Differences were observed in leaf density-
thickness between seasonal measurements (Figure 50) for both soil-moisture 
levels and the six soybean cultivars. Greater leaf density-thickness was 
observed for the later measurements (Figure 50). These measurements were 
consistent with results reported by Dornhoff and Shibles (1969). 
There were leaf density-thickness differences between early- and late-
maturing cultivars. Leaves of early-maturing cultivars possessed larger 
leaf density-thickness than did late-maturing cultivars, as calculated 
weekly across all plots, regardless of stage. Dornhoff and Shibles (1969) 
112 
reported that leaf density-thickness was significantly different among 
cultivars in their studies. 
Even though soil-moisture stress did not affect leaf density-thickness 
during the early and late measurements, significant differences were found 
at some weekly measurements (Table 17). It must be emphasized that leaf 
density-thickness of all soybean cultivars was increased by soil-moisture 
stress at most weekly measurements (Figure 50), indicating smaller leaf 
expansion and larger dry matter accumulation per unit leaf area for stressed 
plants compared to nonstressed plants. No cultivar by soil-moisture inter­
actions occurred for leaf density-thickness, revealing that the effects of 
soil-moisture stress were similar for all cultivars. 
1978 Experiment 
Adequate rainfall during the 1978 early season did not permit us to 
apply furrow irrigation before August 8th (84 days after planting), how­
ever, above ground, whole plants were sampled at weekly intervals beginning 
at the 4-5 node stage (40 days after planting) to study seasonal vegetative 
and reproductive development. These samples were collected from plots 
designed for either irrigated or natural plots, assuming that they were 
representative of both irrigated and natural plots. 
The analyses of variance for vegetative components observed in 1978 
are given in Table 18. Height, node number, plant-leaf area, leaflet num­
ber, average leaflet area, leaf density-thickness, and plant lodging are 
illustrated in Figures 51-58. Reproductive stages are presented at the top 
of Figures 54-57. 
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Table 18. Analyses of variance for height, node number, leaf area, leaflet 
number, average leaflet area, and leaf density-thickness for 
seven soybean cultivars and two soil-moisture levels in 1978 
Factor 
Days Average Leaf 
after Node Leaf Leaflet leaflet density-
planting Source Height number area number size thickness 
96 SMT^ NS^ NS ** ** ** ** 
Qu2.t^ ** ** ** ** ** ** 
SMT X Cult NS NS NS ** ** ** 
105 SMT NS NS ** ** ** + 
Cult ** ** ** ** ** ** 
SMT X Cult ** NS ** ** ** NS 
112 SMT NS ** + ** NS + 
Cult ** ** ** ** ** ** 
SMT X Cult ** NS ** * NS ** 
118 SMT NS NS NS NS NS NS 
Cult A* ** ** ** ** ** 
SMT X Cult * NS NS NS NS NS 
126 SMT NS NS NS NS NS NS 
Quit ** ** ** ** ** ** 
SMT X Cult * NS NS NS NS NS 
^SMT = soil-moisture treatment 
^NS = nonsignificant. 
^Cult = cultivar. 
+, *, **Significant at 10, 5, and 1% levels, respectively. 
Plant height 
Figure 51 illustrates the height differences averaged over irrigated 
and natural plots between cultivars. At beginning maturity (R^), the 
heights of the cultivars varied with Hodgson, the earliest cultivar, being 
the shortest at 117 centimeters and Williams, the latest cultivar, the 
114 
140 
1978 
120 
^  — Q — — O — —  •  
100 
E 
u 
LU 
• Hodgson X 
O——O Corsoy 
O l i  
0"~""0 Hark 
Williams 
120 100 
DAYS AFTER PLANTING 
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Figure 57. Mean leaf density-thickness as a function of time in 1978 show­
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Figure 58. Mean values for lodging scores at maturity showing the cultivar differences in 1978 
122 
tallest at 136 centimeters (Figure 51). At the same time, differences 
between Williams, Corsoy, Harcor, Ottilia 7270, and Beeson were less than 
8 centimeters (Figure 51). 
The cultivar by soil-moisture interaction (Table 18) and Figure 52 
show that soil-moisture stress reduced the height of late-maturing culti-
vars, Ottilie 7270 and Williams. The effects of soil-moisture stress on 
the plant height of all other cultivars were small. Furrow irrigation was 
applied when early-maturing cultivars had almost completed their vegetative 
developments, so only small effects of soil-moisture stress on plant height 
were expected. 
Node number 
Figure 53 presents the cultivar differences for node number, and it 
shows that Williams and Hodgson produced the greatest and the smallest num­
ber of nodes, respectively. At beginning maturity (R-^) , the node-number 
difference between Corsoy, Harcor, Ottilie 7270, Beeson, and Hark was less 
than 2 nodes (Figure 53). No significant soil-moisture effects on node 
number were found at most weekly measurements (Table 18 and Figure 53). 
Furrow irrigation was applied when most of the cultivars had nearly com­
pleted their vegetative developments, therefore, only small effects of 
soil-moisture stress on node number were observed. 
Plant-leaf area 
The leaf area per plant is plotted against days after planting in Fig­
ure 54 and shows that at seed development (R -R ) most of the cultivars had J 0 
produced their greatest seasonal amount. The decrease in leaf area 
observed during the late part of the growing season is due to senescence 
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(Figure 53). Leaf damage by insects, mainly green clover worms and grass­
hoppers, was estimated to be approximately 8%, however, only little addi­
tional leaf damage was observed after insecticide application. 
These cultivars differed in plant-leaf area, as measured weekly across 
all plots (Table 18 and Figure 54). At beginning seed development (R^), 
2 
the cultivar leaf area varied through a range of 900 cm per plant, with 
2 Williams being the greatest at 2500 cm and Hodgson and Hark the smallest 
2 
at 1600 cm per plant. At the same time, the plant-leaf area differences 
2 between Corsoy, Harcor, and Ottilie 7270 cultivars were less than 200 cm . 
Plant-leaf area differences between irrigated and natural plots were 
evident after furrow irrigation (Figure 54). No significant soil-moisture 
effects were detected during late-season measurements over all cultivars, 
but the effect of soil-moisture stress on Hodgson and Corsoy was greater 
than on all other cultivars, confirming the cultivar by soil-moisture 
interactions given in Table 18. 
Leaflet number 
In Figure 55 the number of leaflets is plotted against days after 
planting. It indicates that during the seed development period (R^-R^), 
most cultivars had expressed their greatest seasonal leaflet number. The 
decrease in leaflet number observed during the late part of the growing 
season is due to leaf drop (Figure 55). Also, differences in leaflet num­
ber were less than 3 for all soybean cultivars at the beginning of seed 
development (R^). 
In spite of the fact that no significant leaflet number differences 
were observed for the late weekly measurements, soil-moisture stress 
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reduced leaflet number after furrow irrigation (Table 18 and Figure 55). 
The cultivar by soil-moisture interactions (Table 18) and Figure 55 reveal 
greater soil-moisture stress effects on Hodgson and Corsoy when compared to 
all other cultivars. 
Average-leaflet area 
In Figure 56 the average-leaflet area is plotted versus days after 
planting. The decrease in this parameter during the later part of growing 
season is due to loss of relatively large leaflets from the lower canopy 
(Figure 56). 
The analysis of variance shows significant cultivar differences at all 
weekly measurements (Table 18). At beginning seed development (R^), the 
2 leaflet size differed by a range of 30 cm , with Hark being the smallest at 
2 2 50 cm and Williams the largest at 80 cm . At the differences between 
2 Corsoy, Harcor, Ottilie 7270, and Beeson were less than 8 cm (Figure 56). 
The average leaflet area differences between irrigated and natural 
plots were evident at 96 and 105 days after planting, but the largest 
decrements were associated with Hodgson and Corsoy. From Figures 54-56 it 
can be concluded that soil-moisture stress in Hodgson and Corsoy intensi­
fied leaf senescence more than all other cultivars. 
Leaf density-thickness 
Leaf density-thickness was calculated by dividing whole plant leaf dry 
2 
weight (g) by the whole plant leaf area (dm ). The effects of soil-
moisture stress and cultivars on seasonal differences were observed for 
this parameter (Figure 57) as in 1977. Leaves had greater leaf density-
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thickness during the later measurements (Figure 57), and thess measurements 
were consistent with 1977 experimental results. 
There were leaf density-thickness differences between early- and late-
maturing cultivars. Leaves of early-maturing cultivars had larger leaf 
density-thickness than did late-maturing cultivars, as calculated weekly 
across all soybean plots, regardless of stage. Significant soil-moisture 
stress effects were identified after furrow irrigation (Table 18). Culti-
var by soil-moisture interactions at 96 and 112 days after planting indi­
cate different soil-moisture effects among soybean cultivars (Table 18). 
It seems that the effects of soil-moisture stress on leaf density-thickness 
of Hodgson and Corsoy were greater compared to all other cultivars (Fig­
ure 57). 
Plant lodging 
Lodging scores, recorded at maturity, were relatively larger for 
Corsoy and Harcor (Figure 58). The effects of soil-moisture stress on 
lodging were small, and no significant cultivar by soil-moisture inter­
actions for plant lodging were observed (Figure 58 and Table 19). 
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Table 19. Analysis of variance on lodging score for two soil-moisture 
levels and seven soybean cultivars in 1978 
Source d.f. Mean square 
xlO 
Replication 7 2 
SMT^ 1 5 
Error a 7 3 
Cult^ 6 72** 
SMT X Cult 6 4 
Error b 84 2 
Total 111 
^SMT = soil-moisture treatment. 
^Cult = cultivar. 
**Significant at 1% level. 
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SEASONAL DEVELOPMENT OF REPRODUCTIVE COMPONENTS 
Analyses of variance for reproductive stages are presented in Tables 
20-21, and mean values of this parameter are given in Tables 22-23. Repro­
ductive stages differed significantly among soybean cultivars. The culti-
vars used in these experiments listed by maturing from early to late are as 
follows: Hodgson, Corsoy, Harcor, Ottilie 7270, Beeson, and Williams. 
In general, the effects of soil-moisture stress on reproductive stages 
of development were small, and no significant cultivar by soil-moisture 
interactions were observed (Tables 20-21). 
Table 20. Analysis of variance for reproductive stages of six soybean 
cultivars and two soil-moisture treatments in 1977 
Days after planting 
Source 62 69 76 82 90 97 104 111 118 129 
SMT^ NS^ NS NS NS NS + + NS NS NS 
Cult^ * + NS ** ** ** ** ** ** ** 
SMT X Cult NS NS NS NS NS NS NS NS NS NS 
^SMT = soil-moisture treatment. 
^NS = nonsignificant. 
c Cult = cultivar. 
+, *, **Significant at 10, 5, and 1% levels, respectively. 
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Table 21. Analysis of variance for reproductive stages of seven soybean 
cultivars and tuo soil-moisture treatments in 1978 
Days after planting 
Source 54 58 71 75 82 96 105 112 118 126 
SMT^ NS^ NS NS NS NS 
Cult^ ** ** ** ** ** ** ** ** ** ** 
SMT X Cult NS * NS NS NS 
^SMT = soil-moisture treatment. 
^NS = nonsignificant. 
^Cult = cultivar. 
*, **Significant at 5 and 1% levels, respectively. 
Table 22. Mean values of reproductive stages^ for the irrigated treatment 
in 1977 
Days after planting 
Cultivar 47 55 62 69 76 82 90 97 104 111 118 124 
Hark 0 . 5  2 . 3  2 . 0  2 . 5  3 . 3  4 . 8  5 . 0  5 . 5  6 . 0  6 . 0  6 . 3  7 . 3  
Corsoy 0 . 8  2 . 0  2 . 3  2 . 8  4 . 0  
00 
5 . 3  5 . 8  6 . 0  6 . 0  6 . 8  7 . 5  
Harcor 0 . 5  2 . 5  2 . 3  2 . 8  3 . 8  5 . 0  5 . 0  6 . 0  6 . 0  6 . 0  6 . 5  7 . 5  
Ottilie 0 . 0  1 . 8  2 . 0  2 . 3  3 . 3  4 . 3  5 . 0  6 . 0  6 . 0  6 . 0  6 . 0  6 . 8  
Beeson 0 . 3  2 . 0  2 . 0  2 . 0  3 . 5  4 . 3  4 . 8  5 . 0  6 . 0  6 . 0  6 . 0  6 . 8  
Williams 0 . 0  1 . 5  2 . 0  2 . 0  2 . 3  3 . 0  3 . 8  4 . 8  5 . 0  6 . 0  6 . 0  6 . 0  
^Reproductive stages described by Fehr et al. (1971). 
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Table 23. Mean values of reproductive stages^ for the irrigated treatment 
in 1978 
Days after planting 
Cultivar 47 54 58 71 75 82 96 105 112 118 126 
Hodgson 2 . 0  2 . 8  3 . 9  5 . 0  5 . 0  5 . 3  6 . 0  6 . 6  8 . 0  8 . 0  8 . 0  
Hark 1 . 0  2 . 0  2 . 5  3 . 8  3 . 9  5 . 0  6 . 1  6 . 0  6 . 3  7 . 6  8 . 0  
Corsoy 1 . 0  2 . 0  2 . 5  4 . 0  4 . 0  5 . 0  6 . 0  6 . 0  6 . 1  7 . 7  8 . 0  
Harcor 1 . 0  2 . 0  2.4 4 . 0  4 . 0  5 . 0  6 . 0  6 . 0  6 . 0  6 . 9  7 . 8  
Ottilie 1 . 0  2 . 0  2 . 3  3 . 1  3 . 9  4 . 5  5 . 7  6 . 0  6 . 0  6 . 4  7 . 6  
Beeson 1 . 0  2 . 0  2 . 4  3 . 8  3 . 8  4 . 6  5 . 6  6 . 0  6 . 0  6 . 2  7 . 4  
Williams 0 . 0  1 . 0  1 . 9  2 . 5  2 . 9  3 . 3  5 . 0  5 . 9  6 . 0  6 . 0  6 . 0  
^Reproductive stages described by Fehr et al. (1971). 
1977 Experiment 
Pod number per plant and pods per node are plotted versus days after 
planting in Figures 59-60, respectively. Pod number per plant, weight per 
pod, and pod dry weight per plant for 100 and 118 days after planting are 
displayed in Figures 61-62, respectively. The numbers at the top of each 
histogram indicate the stressed soybean characteristics as a percent of the 
irrigated control. The analyses of variance for these parameters for 100 
and 118 days after planting are given in Tables 24-25, respectively. Cul­
tivar and cultivar by soil-moisture interactions were partitioned into non-
orthogonal contrasts in the tables to test comparisons of interest. 
For contrast , Hark, Corsoy, and Harcor will be referred to as 
"early-maturing cultivars," and Ottilie 7270, Beeson, and Williams will be 
130 
120 
oc. 
LU 
CO 
2 
Irrigated 
;oL 
1977 
80 -
O———o Corsoy 
A—^ Harcor 
0~**"0 Hark 
Ottilie 
Beeson 
Williams 
40 -
Natural 
80 — 
40 -
40 60 80 100 
DAYS AFTER PLANTING 
120 140 
Figure 59. Mean pod number per plant as a function of time for six soy­
bean cultivars and two soil-moisture levels, 1977 experiment 
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Table 24. Analyses of variance on pod number per plant, pods per node, 
weight per pod, and pod dry weight per plant for six soybean 
cultivars and two soil-moisture levels 100 days after planting, 
1977 experiment. Cultivars are numbered from 1 to 6 for Corsoy, 
Harcor, Ottilie, Beeson, Hark, and Williams, respectively 
Mean square 
Pod Pods per Weight Pod dry 
Source d . f .  number node per pod weight 
2 
x l O  xlO"^ -4 xlO ^ x l O ^  
Replication 3 8 99+ 2 3 
Soil-moisture treatment (SMT) 1 9 2 117** 1 
Error a 3 4 30 3 1 
Cultivar (Cult) 5 19** 461** 123** 12** 
1, 2 , 5 vs 3, 4, 6 1 15* 8300** 202** 19** 
1 vs 2 1 1 0 7 1 
C^ = 1 vs 5 1 44** 1200** 5 12** 
= 6 vs 1, 2, 3, 4, 5 1 25** 600** 577** 46** 
s = 6 vs 3, 4 1 14** 300** 390** 30** 
Cult X SMT 5 6* 83 8 3+ 
c: X 
SMT 1 12* 147* 17+ 0 
SMT 1 0 0 1 0 
C^ X SMT 1 4 0 22* 5* 
cf X SMT 1 3 200** 6 0 
SMT 1 6+ 800** 1 0 
Error b 30 2 33 5 1 
Total 47 
+, *, **Significant at 10, 5, and 1% levels, respectively. 
referred to as "late-maturing cultivars." C^ is a contrast of Corsoy ver­
sus Harcor. Contrast C, compares Hark versus Corsoy. Contrast C^ shows 
significant differences between Williams and the combination of all other 
cultivars. In the last comparison, C^, Williams is compared to the combi­
nation of Ottilie 7270 and Beeson. 
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Table 25. Analyses of variance «-.r. -ivtnber psr plant, pods per node, 
weight per pod, and pod dry weight per plant for six soybean 
cultivars and two soil-moisture levels 118 days after planting, 
1977 experiment. Cultivars are numbered from 1 to 6 for Corsoy, 
Harcor, Ottilie, Beeson, Hark, and Williams, respectively 
Mean square 
Pod Pods per Weight Pod dry 
Source d.f. number node per pod weight 
Replication 3 
Soil-moisture treatment (SMT) 1 
Error a 3 
Cultivar (Cult) 5 
C = 1. 2, 5 vs 3, 4, 6 1 
cr = 1 vs 2 1 
C_ = 1 vs 5 1 
C% = 6 vs 1, 2, 3, 4, 5 1 
C^ = 6 vs 3, 4 1 
Cult X SMT 5 
C X SMT 1 
C^ X SMT 1 
C X SMT 1 
C^ X SMT 1 
C* X SMT 1 
Error b ^ 
Total 47 
2 
x l O  -2 x l O  -4 x l O  x l O ^  
14* 158* 9 41+ 
13* 4 108* 11 
1 23 5 5 
28** 640** 482** 47* 
28* 900** 363** 16 
1 0 8 1 
71** 1800** 71 116* 
1 200 919** 64+ 
2 0 1885** 5 
5 82 8 10 
15+ 25W- 21 48+ 
2 100 196* 3 
2 100 4 3 
3 0 256** 7 
0 0 243* 0 
5 86 34 17 
+, *, **Significant at 10, 5, and 1% levels, respectively. 
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Figures 63-64 exhibit weight per pod and pod dry weight per plant 
throughout the crop growing season. The cultivar and soil-moisture effects 
on these parameters will be discussed in this section. 
Pod number per plant and pods per node 
After an initial lag period, pod number per plant and pods per node 
increased to a maximum value and then decreased in most soybean cultivars 
(Figures 59-60). The loss of pods during the later reproductive stages was 
more evident in irrigated plots with greater pod number (Figures 59-60). 
It has been reported that the number of pods produced by soybeans during 
development exceeds greatly the number of pods on the plant at maturity 
(Ashley and Ethridge, 1978). The results of this study support this con­
clusion and reveal a great potential for increased yield capacity if more 
pods could be retained by the plant without reducing pod size. 
The late-maturing cultivars and Hark had fewer pod number per plant 
and pods per node when compared to Corsoy and Harcor at most measurement 
dates, contrast and (Tables 24-25) and Figures 59-62. This response 
was obtained at both soil-moisture levels. The cultivar differences in 
natural plots were smaller than in irrigated plots (Figures 59-62) . 
Soil-moisture stress reduced pod number per plant and pods per node at 
most early measurement dates. At late-measurement dates, late-maturing 
cultivars were less affected by soil-moisture stress when compared to 
early-maturing cultivars, *SMT (Tables 24-25) and Figures 59-60. Again, 
this reflects the seasonal and physiological maturity differences between 
cultivars. The incidence of soil-moisture stress during the early season 
period of rapid growth in early-maturing cultivars resulted in a reduction 
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Figure 63. Mean dry weight per pod (mg) as a function of time for six soy 
bean cultivars and two soil—moisture levels, 1977 experiment 
138 
Irrigated 
o——o Corsoy 
A—A Harcor 
O——O Hark 
A A Ottilia 
# • Williams 
Natural 
DAYS AFTER PLANTING 
Figure 64. Mean pod dry weight (g/plant) as a function of time for six 
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in pods per plant and pods per node, presumably as a result of pod or 
flower abortion and/or the destruction of meristemic, embryonic pod tissue. 
Late-maturing cultivars, however, reacted to August rain and showed a 
l e s s e r  s o i l - m o i s t u r e  s t r e s s  e f f e c t .  
Dry weight per pod and pod dry weight per plant 
The latest cultivar, Williams, had the smallest weight per pod and pod 
dry weight per plant at early measurement dates, regardless of stage of 
development when compared to all other cultivars, contrast (Tables 24-25 
and Figures 61-64). Also, from the same tables and figures, it can be con­
cluded that the early-maturing cultivars produced larger weight per pod and 
pod dry weight per plant at early measurement dates when compared to late-
maturing cultivars. As was stated in a previous section, the late-maturing 
cultivars produced larger weight per pod and pod dry weight at the end of 
the crop growing season than did the early-maturing cultivars. 
Soil-moisture stress increased weight per pod and reduced pod dry 
weight per plant at most measurement dates (Figures 61-64 and Tables 24-
25). The effect of soil-moisture stress on these parameters for late-
maturing cultivars was small at most measurement dates when compared to 
early-maturing cultivars, *SMT (Tables 24-25) and Figures 62-64. The 
weight per pod increase observed in nonirrigated plants represents a com­
pensation for loss of potential pod sites. As described in a previous sec­
tion, the number of pods per plant was reduced by soil-moisture stress. 
At early measurement dates, the extent of compensation by increasing 
weight per pod in early-maturing cultivars was enough to almost fully com­
pensate for the substantial loss in pod number. However, at late 
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measurement dates this compensation effect was not enough for a full pod 
number loss compensation. Greater dry matter translocation from stems 
t o w a r d  p o d s  i n  i r r i g a t e d  p l a n t s  p r o b a b l y  i n c r e a s e d  t h e  p o d  d r y  w e i g h t  d i f ­
f e r e n c e s  b e t w e e n  i r r i g a t e d  a n d  n a t u r a l  p l o t s  a t  m a t u r i n g .  T h e  e f f e c t s  o f  
soybean cultivars and soil-moisture stress on stem dry matter translocation 
will be discussed in a later section. 
1978 Experiment 
Pod number per plant, pods per node, dry weight per pod, and pod dry 
weight are plotted as a function of days after planting (Figures 65-68). 
Also, the analyses of variance for these parameters, except pods per node, 
for 96 and 126 days after planting are presented in Tables 26-27, respec­
tively. Cultivar and cultivar by soil-moisture interactions were partioned 
into nonorthogonal contrasts in the tables to test comparisons of interest. 
For contrast C^, Hodgson, Corsoy, Hark, and Harcor will be referred to 
as "early-maturing cultivars," and Ottilie 7270, Beeson, and Williams will 
be referred to as "late-maturing cultivars." Contrast compares Hodgson 
and Corsoy versus Harcor and Hark. C^ is a contrast of Hodgson versus 
Corsoy. Contrast C^ shows significant differences between Harcor and Hark. 
In contrast C^, Ottilie 7270 is compared to Williams. The last contrast, 
C^, presents significant differences between Beeson and Williams. 
Pod number per plant and pods per node 
After an initial lag period, pod number per plant and pods per node 
increased to a maximum value and then decreased for most soybean cultivars 
(Figures 65-66). The loss of pods during later reproductive stages became 
more evident in irrigated plots with greater pod number. 
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Figure 65. Mean pod number per plant as a function of time for seven soy­
bean cultivars and two soil-moisture levels, 1978 experiment 
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Figure 66. Mean pods per node as a function of time for seven soybean cul-
tivars and two soil-moisture levels, 1978 experiment 
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Figure 67. Mean dry weight per plant (mg) as a function of time for seven 
soybean cultivars and two soil—moisture levels, 1978 experiment 
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Figure 68. Mean pod dry weight (g/plant) as a function of time for seven 
soybean cultivars and two soil-moisture levels, 1978 experiment 
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Table 26. Analyses of variance on pod number per plant, weight per pod, 
and pod dry weight per plant for seven soybean cultivars and two 
soil-moisture levels 96 days after planting, 1978 experiment. 
Cultivars are numbered from 1 to 7 for Corsoy, Harcor, Ottilie, 
Beeson, Hark, Williams, and Hodgson, respectively 
Mean square 
Pod Weight Pod dry 
Source d.f. number per pod weight 
x l O  x l O  -4 x l O  
Replication 
Soil-moisture treatment (SMT) 
7 
1 
4 
559** 
106** 
560** 
4** 
153** 
Error a 
Cultivar (Cult) 
7 
6 176** 
11 
605** 
1 
21** 
^1 " 
vs 
Cult 1, 2, 5, 7 
Cult 3, 4, 6 1 401** 19 608** 
= Cult 1, 7 vs Cult 2, 5 1 4 225** 39** 
C3 = Cult 1 vs Cult 7 1 7 474** 23** 
c' = Cult 2 vs Cult 5 1 627** 677** 16** 
C5 = Cult 3 vs Cult 6 1 51** 1231** 8+ 
Cult 4 vs Cult 6 1 7 1825** 37** 
X SMT 6 41** 52 6** 
X SMT 1 71** 85+ 16** 
X SMT 1 1538** 5883** 233** 
X SMT 1 370** 72 15** 
X SMT 1 58** 0 74-
X SMT 1 24* 162* 0 
X SMT I 6 39 2 
Error b 84 33 
Total 111 
+, *, **Significant at 10, 5, and 1% levels, respectively. 
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Table 27. Analyses of variance on pod number per plant, weight per pod, 
and pod dry weight per plant for seven soybean cultivars and two 
soil-moisture levels 126 days after planting. 1978 experiment. 
C u l t i v a r s  a r e  n u m b e r e d  f r o m  1  t o  7  f o r  C o r s o y ,  H a r c o r ,  O t t i l i e ,  
Beeson, Hark, Williams, and Hodgson, respectively 
Mean square 
Pod Weight Pod dry 
Source d.f. number per pod weight 
Replication 
Soil-moisture treatment (SMT) 
Error a 
Cultivar (Cult) 
Cult 1 , 2 , 5, 7 
Cult 3 , 4 , 6 
C. = Cult 1 , 7 vs Cult 2, 5 
cg - Cult 1 vs Cult 7 
C? = Cult 2 vs Cult 5 
= Cult 3 vs Cult 6 
<6 = Cult 4 vs Cult 6 
Cult 
C, 
SMT 
SMT 
SMT 
SMT 
SMT 
SMT 
C^ X SMT 
xiof 
1 o
 
X x l O ^  
3+ 9+ 6 
54** 25* 174** 
1 3 4 
41** 2460** 31** 
1 61** 1352** 0 
1 0 361** 4 
1 20** 18+ 33** 
1 19** 655** 1 
1 5* 1011** 8+ 
1 3 784** 10+ 
5** 23** 9* 
1 7* 199** 30** 
1 25** 7344** 157** 
1 0 113** 0 
1 17** 63** 2 
1 0 1 2 
1 0 4 3 
Error b 
Total 
84 
111 
+, *, **Significant at 10, 5, and 1% levels, respectively. 
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The late-maturing cultivars and Hark produced fewer number of pods per 
plant and pods per node when compared to Hodgson, Corsoy, and Harcor at 
almost all measurement dates, contrasts and (Tables 26-27) and Fig­
ures 65-66. The cultivar differences at late measurement dates were more 
e v i d e n t  t h a n  a t  e a r l y  m e a s u r e m e n t  d a t e s  ( F i g u r e s  6 5 - 6 6 ) .  
After furrow irrigation (84 days after planting), irrigated plants 
produced greater number of pods per plant and pods per node than the non-
irrigated plants at all weekly measurements (Tables 26-27 and Figures 65-
66). It must be emphasized that Hodgson and Corsoy showed a larger 
response to soil-moisture stress than all other cultivars, *SMT (Tables 
26-27) and Figures 65-66. 
Dry weight per pod and pod dry weight per plant 
At early measurement dates, the combination of late-maturing cultivars 
had smaller pods when compared to early-maturing cultivars, but these dif­
ferences were reversed at late measurement dates, contrasts (Tables 26-
27) and Figures 67. At early measurement dates, the combination of early-
maturing cultivars produced more pod dry weight per plant than did the 
combination of late-maturing cultivars. At late-measurement dates, how­
ever, stressed late-maturing cultivars produced larger pod dry weight than 
did stressed early-maturing cultivars. Cultivar differences in irrigated 
p l o t s  w e r e  s m a l l ,  c o n t r a s t s  C ^  ( T a b l e s  2 6 - 2 7 )  a n d  F i g u r e  6 8 .  
Soil-moisture stress reduced both weight per pod and pod dry weight 
per plant at almost all of the measurement dates. The magnitude of the 
s o i l - m o i s t u r e  e f f e c t s  o n  t h e s e  p a r a m e t e r s  w a s  g r e a t e r  f o r  e a r l y  t h a n  f o r  
late-maturing cultivars, C^ *SMT (Tables 26-27) and Figures 67-68. Within 
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the early-maturing cultivars, the reduction of these parameters for Hark and 
Harcor was less affected than for Hodgson and Corsoy, *SMT (Tables 26-
27) and Figures 67-68. Overall cultivars, the weight per pod, and pod dry 
w e i g h t  r e d u c t i o n s  c a u s e d  b y  s o i l - m o i s t u r e  s t r e s s  w e r e  g e n e r a l l y  l a r g e r  f o r  
Hodgson, C2 *SMT and *SMT (Tables 26-27) and Figures 67-68. 
The histograms, showing the cultivar and soil-moisture stress effects 
on these parameters at maturity were already shown in the final grain yield 
and yield components section. 
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DRY MATTER ACCUMULATION 
1977 Experiment 
Dry weight of leaves, stems, and pods as a percent of total plant dry 
weight, the ratio of pod dry weight to stem dry weight, and the ratio of 
pod dry weight to sum of leaves and stem dry weight are given in Table 28. 
At beginning bloom (R^), most of the weight of the plant consisted of 
leaves (57% of total) (Table 28). Thereafter, the percentage of leaves 
gradually dropped and reached approximately 30% at beginning seed (R^). 
The dry weight of the stem was more stable than that of the leaves, being 
approximately 43% (averaged overall cultivars) at the first stage of devel­
o p m e n t  ( R ^ )  a n d  d r o p p i n g  t o  3 0 %  a t  t h e  e n d  o f  t h e  s e a s o n  ( T a b l e  2 8 ) .  
There was a clear difference between the early- and late-maturing cul­
t i v a r s  i n  d r y  m a t t e r  p r o d u c t i o n  o f  t h e  v e g e t a t i v e  a n d  r e p r o d u c t i v e  p a r t s .  
At most measurement dates, regardless of stage of development, late-
maturing cultivars produced a greater percentage of vegetative dry matter 
and a smaller percentage of reproductive dry matter than did early-maturing 
cultivars (Table 28). Also, the ratio of pod dry weight to vegetative dry 
weights were smaller in late-maturing when compared to early-maturing cul­
tivars . 
Soil-moisture stress increased the percentage of leaf dry weight, the 
percentage of pod dry weight, and the reproductive to vegetative dry weight 
ratio but reduced the percentage of stem dry weight at most measurement 
dates (Table 28). At later measurement dates, most of the cultivars showed 
small leaf dry matter percentage differences between natural and irrigated 
plots. In addition, early-maturing cultivars had smaller leaf dry matter 
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Table 28. Mean dry weight of leaves, stem, and pods as a percent of total 
plant dry weight, pod dry weight to stem dry weight, and pod dry 
weight to sum of leaves and stem dry weight ratios in 1977 
Dry weight 
Days Leaf Stem Pod Pod/stem + 
a f t e r  % % % Pod/stem leaf 
Lanting Nb I N I N I N I N 
Corsoy 
33 52 56 48 44 0 0 0 0 0 0 
40 58 69 42 31 0 0 0 0 0 0 
47 56 57 44 43 0 0 0 0 0 0 
55 49 52 51 48 0 0 0 0 0 0 
62 44 52 56 48 0 0 0 0 0 0 
69 40 41 58 57 2 2 0 . 0 3  0 . 0 4  0 . 0 2  0 . 0 2  
76 36 40 56 47 8 13 0 . 1 4  0 . 2 6  0 . 0 8  0 . 1 4  
82 38 33 46 49 16 18 0 . 3 4  0 . 3 8  0 . 1 9  0 . 2 2  
90 28 30 49 41 24 29 0 . 4 9  0 . 6 7  0 . 3 1  0 . 3 9  
97 24 26 42 35 34 39 0 . 8 2  1 . 1 4  0 . 5 2  0 . 6 6  
104 21 23 37 31 42 46 1 . 1 2  1 . 5 0  0.72 0 . 8 4  
1 1 1  12 12 34 27 54 61 1 . 6 1  2.30 1 . 1 8  1 . 5 6  
1 1 8  3 2 30 25 67 73 2 . 2 6  2 . 8 0  2 . 0 5  2.62 
129 0 0 25 25 75 75 2 . 9 0  3.03 2 . 8 8  3 . 0 3  
Harcor 
33 62 58 38 42 0 0 0 0 0 0 
40 63 66 37 34 0 0 0 0 0 0 
47 56 58 44 42 0 0 0 0 0 0 
55 51 53 49 47 0 0 0 0 0 0 
62 43 50 57 50 0 0 0 0 0 0 
69 42 41 58 55 0 4 0 . 0 8  0 . 0 5  
76 38 42 57 51 5 7 . 0 9  . 1 2  . 0 5  . 0 7  
82 34 32 53 47 13 21 . 3 0  . 4 5  . 1 8  . 2 7  
90 29 29 50 44 21 27 .43 . 6 0  .27 . 3 6  
97 25 26 42 38 33 36 . 8 4  . 9 8  . 5 3  . 5 9  
104 20 22 39 34 41 44 1.06 1 . 3 0  . 7 0  . 7 9  
1 1 1  16 16 33 29 50 55 1 . 5 2  1.88 1.02 1 . 2 3  
1 1 8  8 8 31 29 61 63 2.08 2.18 1 . 6 5  1 . 7 1  
129 1 0 31 27 69 73 2.23 2 . 7 5  2 . 2 3  2 . 7 5  
^Irrigated. 
^Natural. 
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Table 28. (continued) 
Dry weight 
Days Leaf Stem Pod Pod/stem 4 
a f t e r  % % % Pod/stem leaf 
planting INININI N I N 
Ottilie 
33 61 60 39 40 0 0 0 0 0 0 
40 63 65 37 35 0 0 0 0 0 0 
47 58 57 42 43 0 0 0 0 0 0 
55 50 54 50 46 0 0 0 0 0 0 
62 48 46 52 54 0 0 0 0 0 0 
69 41 43 59 57 0 0 0 0 0 0 
76 40 46 57 52 3 2 .05 . 0 4  . 0 3  . 0 2  
82 34 35 57 52 9 13 . 1 5  . 2 4  . 0 9  . 1 5  
90 31 30 51 48 18 22 . 5 7  . 4 7  . 2 2  . 2 9  
97 27 27 45 43 28 30 . 6 1  . 7 3  . 3 6  . 4 6  
104 24 26 43 39 33 35 . 7 8  . 8 9  . 5 0  . 5 2  
1 1 1  20 19 35 31 45 50 1 . 3 0  1 . 6 0  . 8 4  . 9 9  
1 1 8  13 14 33 37 54 59 1 . 7 1  2 . 1 0  1 . 2 0  1 . 3 6  
129 5 4 30 28 65 68 2 . 1 2  2 . 4 5  1 . 8 5  2.12 
Beeson 
33 62 69 38 31 0 0 0 0 0 0 
40 63 67 37 33 0 0 0 0 0 0 
47 58 57 42 43 0 0 0 0 0 0 
55 51 54 49 47 0 0 0 0 0 0 
62 46 46 54 53 0 0 0 . 0 1  0 0 
69 40 50 60 49 0 1 0 . 0 3  0 . 0 2  
76 39 39 59 56 2 5 . 0 4  , 0 8  . 0 2  .05 
82 33 37 57 50 10 13 . 1 7  . 2 5  . 1 1  . 1 4  
90 27 31 54 47 19 22 . 3 6  . 4 5  . 2 3  . 2 7  
97 26 30 50 39 24 31 .48 . 7 8  . 3 1  . 4 5  
104 23 25 41 38 36 37 . 8 8  1 . 0 0  . 5 6  . 6 1  
1 1 1  19 20 36 30 45 50 1 . 2 7  1 . 5 9  . 8 2  . 9 7  
1 1 8  13 15 32 28 55 57 1 . 7 3  2 . 0 4  1 . 2 3  1 . 3 3  
129 5 9 32 31 63 60 1 . 9 1  1 . 8 8  1 . 6 4  1 . 4 3  
Hark 
33 55 62 45 38 0 0 0 0 0 0 
40 68 64 32 36 0 0 0 G 0 0 
47 56 56 44 43 0 0 0 0 0 0 
55 49 52 51 48 0 0 0 0 0 0 
62 44 48 56 52 0 0 0 0 0 0 
69 39 41 61 57 0 2 . 0 1  , 0 5  0 . 0 3  
76 37 39 59 55 4 6 . 0 7  . 1 0  . 0 4  . 0 6  
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Table 28. (continued) 
Dry weight 
Days 
a f t e r  
planting 
Leaf 
% 
Stem 
% 
Pod 
% Pod/stem 
Pod/s^em + 
leaf 
I N I N I N I N I N 
82 33 32 59 55 8 13 . 1 5  . 2 3  . 1 0  . 1 4  
90 27 28 58 46 15 26 . 2 5  . 5 9  . 1 7  . 3 7  
97 24 24 50 44 26 32 . 5 1  . 7 3  . 3 5  . 4 7  
104 20 21 43 39 37 40 . 8 6  1 . 0 4  . 5 8  . 6 7  
1 1 1  15 17 36 33 49 50 1 . 4 2  1 . 4 3  . 9 8  . 9 6  
1 1 8  7 3 38 32 55 65 1 . 4 8  2 . 0 0  1 . 2 6  1 . 8 0  
129 0 0 31 30 69 70 2 . 2 0  2 . 2 7  2 . 2 0  2 . 2 4  
Williams 
33 73 67 27 33 0 0 0 0 0 0 
40 64 66 36 34 0 0 0 0 0 0 
47 58 57 42 43 0 0 0 0 0 0 
55 50 53 50 47 0 0 0 0 0 0 
62 47 50 53 50 0 0 0 0 0 0 
69 41 44 59 56 0 0 0 0 0 0 
76 42 50 58 50 0 0 0 0 0 0 
82 38 42 61 58 1 0 . 0 2  . 0 1  . 0 1  0 
90 34 40 63 52 3 8 . 0 5  . 1 5  . 0 3  . 0 9  
97 32 33 57 53 11 14 . 2 0  . 2 5  . 1 3  . 1 5  
104 29 29 54 48 17 23 . 3 2  .48 . 2 1  . 3 0  
1 1 1  24 24 48 43 28 33 . 5 7  . 8 0  . 3 8  . 5 1  
1 1 8  20 21 43 36 37 43 . 8 9  1 . 1 6  . 6 1  . 7 4  
129 19 20 43 34 38 46 . 8 8  1 . 3 5  . 6 0  . 8 5  
135 10 10 36 33 54 57 1 . 5 0  1 . 8 2  1 . 1 8  1 . 4 0  
percentage differences between stressed and nonstressed plants when com­
p a r e d  t o  l a t e - m a t u r i n g  c u l t i v a r s  ( T a b l e  2 8 ) .  
All cultivars developed at the same rate through the first stage of 
development (R^). After stage R^, gradual differences in cultivars began, 
and early-maturing cultivars were in full bloom (R^) sooner than the others 
(Figures 69-74). Their differences in rate of development increased with 
time and were maximized at maturity. 
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The relationships between plant age and dry matter accumulation of 
above-ground portions are shown in Figures 69-74. The vegetative (V) and 
reproductive (R) stages of development are given on top of these figures. 
Between beginning bloom (R^) and beginning seed (R^), above-ground parts 
(leaves and stem) showed an increase of dry matter accumulation with time 
(Figures 69-74). However, total dry matter accumulation in the above-
ground plant parts showed a rapid increase between full bloom (R^) and full 
seed (Rg). There was an appreciable increase in the dry matter of the pods 
during the period from beginning pod (R^) to full seed (R^) (Figures 69-
74). 
The total above-ground dry matter accumulations at beginning maturity 
were different over soybean cultivars through a range of 28 grams per plant 
in irrigated plots, with Hark and Ottilie 7270 being the smallest at about 
62 grams and Williams and Beeson the greatest at 90 grams per plant (Fig­
ures 69-74). At the same time, there was a total dry matter accumulation 
difference of less than 10 grams per plant between irrigated Corsoy and 
Harcor. 
Leaf dry matter 
The leaf dry weights per plant are plotted versus days after planting 
in Figure 75. This figure shows that at seed development (R^-R^), most of 
soybean cultivars had attained their greatest seasonal leaf dry weight. 
The decreased leaf dry weight observed during the late part of the growing 
season is due to senescence. 
These soybean cultivars were dissimilar in their seasonal leaf dry 
weight development, as measured weekly across all plots (Tables 29-30 and 
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Figure 75. Mean leaf dry weights as a function of time, 1977 experiment 
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Table 29. Analyses of variance for dry weights of leaf, stem, and total 
above-ground plant 97 days after planting, 1977 experiment 
Mean square 
Source d.f. Leaf Stem Plant 
Replication (Rep) 3 9 11 80 
Soil-moisture treatment (SMT) 1 92+ 859+ 1671+ 
Error a 3 11 138 400 
Cultivar (Cult) 5 35** 101** 15 
c, = Cult 1 , 2, 5 vs Cult 3, 4, 6 1 71** 176* 3 
Cg = Cult 1 vs Cult 2 1 4 3 41 
Cult 1 vs Cult 5 1 1 46 46 
Cult 3 vs Cult 6 1 96** 213** 10 
Cult 4 vs Cult 6 1 52** 144* 3 
Cult X SMT 5 4 22 48 
C X SMT 1 7 49 178 
^2 ^ SMT 1 2 
20 35 
C^ X SMT 1 2 0 1 
SMT 1 2 18 23 
C^x SMT 1 11 15 2323** 
Error t 1 30 5 28 130 
Total 47 
+, *, **Significant at 10, 5, and 1% levels, respectively. 
Figure 75). At beginning seed (R^), the leaf dry weights differed through a 
range of 9 grams per plant in irrigated plots, with Hark being the smallest 
at 11 grams and Williams the greatest at 20 grams per plant (Figure 75). 
There was a leaf dry weight difference of less than 3 grams between irri­
gated Corsoy, Harcor, Ottilie 7270, and Beeson. Soil-moisture stress 
reduced leaf dry weight of all soybean cultivars at most measurement dates. 
However, small soil moisture stress effects on soybean leaf dry weight were 
observed at late-measurement dates (Figure 75). 
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Table 30. Analyses of variance for dry weights of leaf, stem, and total 
above-ground plant 111 days after planting, 1977 experiment 
Mean square 
Source d.f. Leaf Stem Plant 
Replication (Rep) 3 3 84 593 
Soil-moisture treatment (SMT) 1 34 532* 1393+ 
Error a 3 11 43 184 
Cultivar (Cult) 5 64** 101* 34 
c, = Cult 1 , 2, 5 vs Cult 3, 4, 6 1 212** 185* 71 
c' = Cult 1 vs Cult 2 1 10 0 12 
= Cult 1 vs Cult 5 1 16 21 9 
C? = Cult 3 vs Cult 6 1 67** 250** 8 
4 = Cult 4 vs Cult 6 1 32+ 169* 125 
Cult X SMT 5 1 17 170 
C X SMT 1 0 131* 489 
SMT 1 0 40 144 
SMT 1 0 23 3 
C^x SMT 1 3 8 161 
4 = SMT 1 1 0 4 
Error b 9 32 275 
Total 47 
+, *, **Significant at 10, 5, and 1% levels, respectively. 
Stem dry matter 
The stem dry weights per plant are plotted versus days after planting 
in Figure 76. It indicates that during seed development (R^-R^), all soy­
bean cultivars expressed their seasonal maximum of this parameter. The 
decrease in stem dry weight observed during the late part of the growing 
season is mainly due to stem carbohydrate translocation, respiration, and 
petiole fall (Figure 76). 
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Figure 76. Mean stem dry weights as a function of time, 1977 experiment 
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These cultivars varied in their stem dry weights at most weekly meas­
urements (Tables 29-30 and Figure 76). At beginning seed (R^), the stem 
dry weights differed through a range of 16 grams in irrigated plots, with 
Hark and Ottilie 7270 being the smallest at 22 grams per plant and Williams 
the largest at 38 grams per plant (Figure 76). The stem dry weights of 
irrigated Corsoy, Harcor, and Beeson differed by less than 2 grams per 
plant. 
Soil-moisture stress reduced stem dry weight for all cultivars at most 
weekly measurement dates (Table 29 and Figure 76). Late-maturing cultivars 
generally showed the smallest soil-moisture stress effects at late measure­
ment dates (Table 30 and Figures 76-77). Again it must be emphasized that 
late-season precipitation favored stressed late-maturing cultivars more 
than stressed early-maturing cultivars. This caused smaller stem dry 
weight differences between irrigated and natural plots for the late-maturing 
cultivars. 
Figure 78 shows loss in stem dry weight due to carbohydrate transloca­
tion, respiration, and petiole fall for six soybean cultivars and two soil-
moisture levels. Loss in stem dry weight was calculated as the difference 
between maximum dry weight stem during the season and stem dry weights of 
maturity. Late-maturing cultivars had smaller loss in stem dry weight in 
natural plots when compared to early-maturing cultivars. Shibles et al. 
(1975) concluded that substantial quantities of labile carbohydrate assimi­
lated before pod filling in soybeans are subsequently utilized in grain 
filling. 
Soil-moisture stress reduced the loss in stem dry weight in most of 
the cultivars (Figure 78). This suggests that nonirrigated plants were 
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more sink-limited because of more flower or pod abortion and/or destruction 
of meristemic, embryonic pod tissues. In addition, the pod dry weight to 
stem dry weight ratio was greater in natural plots than it was in irrigated 
plots at most measurement dates (Table 28). It would be premature to gen­
eralize about the relationship between the loss in stem dry weight and the 
pod dry weight to stem dry weight ratio. However, our results in 1977 
indicate that there was more stem dry weight loss due to carbohydrate 
translocation, petiole fall, and respiration when the pod dry weight to 
stem dry weight ratio before seed development (R^-R^) was small. 
Total above-ground dry matter 
The total above-ground plant dry matters are plotted versus days after 
planting in Figure 79. It shows that at full seed (R^), most of the culti-
vars had attained their greatest seasonal plant dry weight. 
Cultivars varied in their plant dry weight at most weekly measurements 
(Tables 29-30 and Figure 79). At beginning seed (R^), the plant dry weights 
differed through a range of 25 g in irrigated plots, with Hark being the 
smallest at 39 grams per plant and Williams the largest at 64 grams per 
plant (Figure 79). At the same time, the plant dry weight of irrigated 
Corsoy, Harcor, Ottilie 7270, and Beeson differed by less than 6 grams per 
plant. 
Soil-moisture stress reduced plant dry weight for all soybean culti­
vars at most weekly measurement dates (Tables 29-30 and Figure 79). 
Nevertheless, dry weight of late-maturing cultivars at late measurement 
dates was less affected by soil-moisture stress (Figure 79). 
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1978 Experiment 
Adequate rainfall during the 1978 early season did not permit us to 
apply furrow irrigation before August 8 (84 days after planting), however, 
above-ground, whole plants were sampled at weekly intervals beginning at 
the 4-5 node stage (40 days after planting) to study seasonal vegetative 
and reproductive development. These samples were collected from plots 
designed as either irrigated or natural plots, assuming that they were rep­
resentative of both irrigated and natural plots. It must be emphasized 
that this early adequate rainfall was followed by a dry period in the mid­
dle of the season (Figure 16). 
Leaf dry matter 
The leaf dry weights per plant are plotted versus days after planting 
in Figure 80. It shows that at seed development (R^-R^) most soybean cul-
tivars had attained their greatest seasonal dry weight. The decreased leaf 
dry weight observed during the late part of growing season is due to senes­
cence . 
These soybean cultivars were dissimilar in these seasonal leaf dry 
weight developments as measured weekly across all plots (Figure 80 and 
Tables 31-32). At beginning seed (R^), the leaf dry weight differed 
through a range of 4.5 grams per plant in irrigated plots, with Hodgson 
being the smallest at 7 grams and Williams the greatest at 11.5 grams per 
plant (Figure 80). There was a leaf dry weight difference of less than 
2 grams between Corsoy, Harcor, Ottilie 7270, and Beeson. 
Soil-moisture stress reduced leaf dry weight for all soybean cultivars 
at most weekly measurement dates (Tables 31-32 and Figure 80). At 96 days 
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Table 31. Analyses of variance for dry weights of leaf, stem, and total 
above-ground plant 96 days after planting, 1978 experiment 
Mean square 
Source d.f. Leaf Stem Plant 
Replication (Rep) 7 7 11 89 
Soil-moisture treatment (SMT) 1 278** 504** 6055** 
Error a 7 6 9 55 
Cultivar (Cult) 6 98** 189** 246** 
c, = Cult 1 , 2, 5, 7 
vs Cult 3 , 4, 6 1 339** 525** 503** 
= Cult 1 , 7vs Cult 2, 5 1 100** 190** 108 
Cg = Cult 1 vs Cult 2 1 2 18 269+ 
Cult 1 vs Cult 5 1 2 12 23 
C5 = Cult 3 vs Cult 6 1 308** 318** 32 
^6 = Cult 4 vs Cult 6 1 278** 370** 525** 
Cult X SMT 6 9* 12 207* 
C X SMT 1 14+ 7 463* 
C' X SMT 1 8 0 14 
SMT 1 15+ 0 27 
X SMT 1 32** 27+ 493** 
SMT 1 1 1 2 
SMT 1 0 5 9 
Error t ) 84 4 9 72 
Total 111 
+, *, **Significant at 10, 5, and 1% levels, respectively. 
after planting, the soil-moisture stress effects on late-maturing cultivars 
were small when compared to early-maturing cultivars (C^ *SMT, Table 31 and 
Figure 80). Within early-maturing cultivars, Harcor and Hark leaf dry 
weights were least affected by soil-moisture stress at most measurement 
dates (C2 *SMT, Table 32 and Figure 80). 
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Table 32. Analyses of variance for dry weights of leaf, stem, and total 
above-ground plant 126 days after planting, 1978 experiment 
Mean square 
Source d.f. Leaf Stem Plant 
Replication (Rep) 7 4 7 75 
Soil-moisture treatment (SMT) 1 8+ 33 2825** 
Error a 7 1 21 66 
Cultiver (Cult) 6 127** 300** 1263** 
c, = Cult 1 , 2, 5, 7 
vs Cult 3 , 4, 6 1 157** 421** 2322** 
Cp = Cult 1 , 7 vs Cult 2, 5 1 29** 31+ 538* 
Cult 1 vs Cult 2 1 3 134** 950** 
C? = Cult 1 vs Cult 5 1 3 141** 1776** 
ct = Cult 3 vs Cult 6 1 29** 39* 260+ 
Cult 4 vs Cult 6 1 23** 67* 832** 
Cult X SMT 6 4 2 92 
C X SMT 1 1 4 154 
SMT 1 9* 0 199 
C^x SMT 1 1 0 354* 
SMT 1 0 1 85 
SMT 1 6+ 11 6 
SMT 1 13* 5 32 
Error b 84 2 9 78 
Total 111 
+, *, **Significant at 10, 5, and 1% levels, respectively. 
Stem dry matter 
The stem dry weights per plant are plotted versus days after planting 
in Figure 81. They indicate that during seed development (R^-R^), all soy­
bean cultivars had attained their seasonal maximum of this parameter. The 
decrease in stem dry weight observed during the late part of the growing 
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season is due to stem carbohydrate translocation, respiration, and petiole 
fall (Figure 81). 
Soybean cultivars varied in their stem dry weight at most weekly meas­
urements (Tables 31-32 and Figure 81). At beginning seed (R^), the stem 
dry weight differed through a range of 11 g in irrigated plots, with Hodgson 
being the smallest at 10 grams per plant and Williams the largest at 21 
grams per plant (Figure 81). At the same time, the stem dry weight of 
irrigated Corsoy, Harcor, Hark, Ottilie 7270, and Beeson differed by less 
than 4 grams per plant. 
Soil-moisture stress reduced stem dry weight for all soybean cultivars 
at most weekly measurement dates (Tpbls 31 and Figure 81). Late-maturing 
cultivars, however, showed smaller soil-moisture stress effects at late 
measurement dates (Figure 81). 
Figure 82 presents the final stem dry weights for seven soybean culti­
vars and two soil-moisture levels. Williams produced heavier stem dry 
weight than did the others (Figure 82). Soil-moisture stress reduced the 
final stem dry weight of early-maturing cultivars. Nevertheless, the 
effect of soil-moisture stress on final stem dry weight of late-maturing 
cultivars was small (Figure 82). 
The combination of early-maturing cultivars produced greater branch 
stem dry weights when compared to late-maturing cultivars (Figure 83). 
More light penetration through canopies of early-maturing cultivars prob­
ably increased branch development. Soil-moisture stress reduced the branch 
stem dry weight of most soybean cultivars. Small soil-moisture stress 
effects on this parameter, however, were found for Harcor, Hark, and Beeson 
(Figure 83). 
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Late-maturing cultivars had smaller loss in stem dry weight when com­
pared to early-maturing cultivars. 
Soil-moisture stress intensified the loss in stem dry weight of early-
maturing cultivars but reduced slightly this loss for late-maturing culti­
vars. Greater leaf-abscission in stressed early-maturing cultivars reduced 
the photosynthetic surface area and probably increased stem carbohydrate 
translocation toward grains. However, averaged overall cultivars the per­
centage difference for irrigated and natural plots was small. 
Total above-ground dry matter 
The total above-ground plant dry weights are plotted versus days after 
planting in Figure 84. They show that during full seed (R^) most cultivars 
had attained their greatest seasonal plant dry weight. 
Soybean cultivars varied in their plant dry weight at most weekly 
measurement dates (Tables 31-32 and Figure 84). At beginning seed (R^), 
the plant dry weight differed through a range of 16 g in irrigated plots, 
with Hodgson and Hark being the smallest at about 26 grams per plant. 
Williams and Beeson were the largest at about 40 grams per plant (Figure 
84). At the same time, the plant dry weight of irrigated Corsoy, Harcor, 
and Ottilie 7270 differed by less than 4 grams per plant. 
Soil-moisture stress reduced plant dry weight for all soybean culti­
vars at most weekly measurement dates (Tables 31-32 and Figure 84). At 
most measurement dates, however, smaller soil-moisture stress effects were 
found for late- than for early-maturing cultivars (C^ *SMT, Table 31 and 
Figure 84). 
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GROWTH ANALYSIS 
The time relationship between leaf area and dry weight is one of the 
fundamental factors for growth indice calculation in regression procedures 
of growth analysis. Attempts were made to fit different mathematical equa­
tions through our data points for these parameters. Equations (6) and (7), 
which were described in the Materials and Methods section, were chosen to 
estimate continuous plant dry weight and leaf area per plant changes as a 
function of time, respectively. Figures 85 and 86 show the changes in 
plant dry matter and leaf area per plant with time for Corsoy and Ottilie 
2 7270. Use of equations (6) and (7) showed a good fit, with R greater than 
0.90 for most cultivars. All cultivars will not be presented in this sec­
tion. However, examples are selected which illustrate the others. Corsoy 
or Hodgson and Ottilie 7270 were chosen to show soil-moisture stress effect 
differences on growth indices between early- and late-maturing cultivars, 
respectively. 
Basic to the calculation of net assimilation rate (NAR) using classi­
cal methods is the assumption that plant dry weight is linearly related to 
leaf area per plant. Figure 87 shows the relationship between leaf area 
per plant and plant dry weight in 1977 and indicates that linearity between 
these two parameters is true only for a short period. 
Figures 88 and 89 represent the changes in net assimilation rate 
(NAR), relative growth rate (RGR), relative leaf growth rate (RLGR), and 
crop growth rate (CGR) during the 1977 growing season based on both the 
classical and regression procedures. To calculate these parameters and 
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leaf area index (LAI), equations (1) to (5) and (8) to (12), as described 
in the Materials and Methods section, were used. 
It is evident that NAR changes did not follow the same patterns for 
either classical or regression procedures. The nonlinearity between leaf 
area per plant and plant dry matter, short-term evironmental influences 
undetected by regression estimates, and sampling variabilities probably 
caused these dissimilarities. RGR, RLGR, and CGR, however, showed a better 
similarity between these two procedures. Regression procedures (Buttery, 
1969) will be used later to describe soil-moisture stress and cultivar dif­
ferences. 
1977 Experiment 
Figure 90 represents the seasonal pattern for NAR and RGR for Corsoy 
and Ottilie 7270. Net assimilation rate is the net difference between the 
amounts of dry matter assimilated and respired. Consequently, NAR has 
photosynthetic and respiratory components, and the relative importance of 
respiration increases with plant age. NAR was decreased both at the begin­
ning and end of the growing season for all soybean cultivars (Figure 90a). 
There was a slight increase from beginning bloom (R^) to beginning seed 
(R^). Sivakumar and Shaw (1978b) also showed the increase in NAR during 
the later part of the growing season. Koller et al. (1970) reported that 
the increase in NAR during the latter part of the growing season was due to 
an increased demand for assimilates. This was related to the rapid growth 
of the seed. It must be emphasized that the NAR pattern calculated by the 
regression equation in our study was different from Buttery (1969) and 
Sivakumar and Shaw (1978b). They used exponential equations to describe 
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both changes in plant dry weight and leaf area per plant as a function of 
time. In our 1977 and 1978 experiments, different mathematical functions 
were used to detect the best equations, describing changes in plant dry 
weights and leaf areas as a function of time. It was found that an exponen-
2 tial function (W = exp(a+bt+ct ) was the best for fitting plant dry matter 
2 points- But for leaf area, a parabolic function (L = a^+b^t+c^t ) fitted 
better than the exponential function. Because of these differences, the 
NAR equation (Buttery, 1969) was modified from NAR = (b+2ct) exp{(a-a^)+ 
(b-b^)t+(c-c^)t^} to NAR = (b+2ct){exp(a+bt+ct^)}(a^+b^t+c^t^)~^. The use 
of different equations to fit leaf area and time relationships and, conse­
quently, different regression equations for NAR caused differences in NAR 
patterns between our work and Buttery (1969) and Sivakumar and Shaw (1978b) 
studies. 
Figure 91 (1977) shows that Williams expressed a smaller NAR at early 
measurement dates when compared to Corsoy and Hark, but these differences 
were reversed during the later part of the growing season. Soil-moisture 
stress slightly reduced NAR for Corsoy and increased NAR of late-maturing 
cultivars particularly Ottilie 7270 at most measurement dates (Figure 90a). 
Buttery (1969) described NAR and RGR as follows: NAR = (b+2ct)w/l, RGR = 
b+2ct, where b and c are regression-derived coefficients and t is time. 
w and 1 are plant dry weight and leaf area, respectively. According to the 
NAR equation, the soil-moisture stress effects can be reflected from both 
RGR and (w/1). Irrigated late-maturing cultivars probably had less light 
penetration through their canopies because of larger leaves (Figure 48), 
taller plants (Figure 43), and/or canopy architecture. Consequently, self-
shading was more serious in irrigated than nonirrigated plants. This and 
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probably some other genetic factors and/or excess soil moisture resulted in 
a reduction in RGR and, therefore, a reduction in NAR in nonstressed late-
maturing cultivars (Figure 90). In early-maturing cultivars, the shading 
effect differences between irrigated and nonirrigated plants were probably 
small when compared to late-maturing cultivars. Therefore, a better mois­
ture status in nonstressed plants and probably some other genetic factors 
caused RGR and NAR to increase slightly (Figure 90). 
RGR calculated by the regression technique declined with time in gen­
eral agreement with values of mean RGR calculated from the classical equa­
tions (Figures 88 B,B' and 90b). Much of the decline in RGR can be attrib­
uted to the increase in self-shading. RGR, like NAR, has photosynthetic 
and respiratory components, and respiration increases with plant age. 
Buttery (1969) and Sivakumar and Shaw (1978b) also showed that RGR of soy­
beans declined with time. 
Again, Williams possessed the smallest RGR at early measurement dates 
when compared to Corsoy and Hark, but these differences were reversed later 
in the season (Figure 92, 1977). Soil-moisture stress reduced RGR of 
Corsoy and increased RGR of Ottilie 7270 at most weekly measurements (Fig­
ure 90b). Sivakumar and Shaw (1978b) reported that nonstressed soybeans 
showed a greater RGR than the stressed soybeans. 
RLGR, like RGR, declined with time in general agreement with values 
calculated from the classical equations (Figures 89 A,A' and 93a). RLGR 
was zero at R^ and negative thereafter. Again, much of the decline can be 
attributed to increase in self-shading. The cultivar differences at early 
measurement dates were small. 'Williams, however, had larger RLGR from 
about 90 days after planting until the end of the growing season (Figure 94, 
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1977). Small soil-moisture stress effects on RLGR were observed for both 
Corsoy and Ottilie 7270 cultivars (Figure 93a). 
CGR increased from the first sampling time to beginning seed (R^) and 
then declined quite sharply (Figure 93b). Corsoy generally had higher CGR 
at early measurement dates when compared to Williams. These cultivar dif­
ferences were reversed later in the season (Figure 95, 1977). Soil-
moisture stress reduced CGR of Corsoy at most measurement dates, but this 
effect for Ottilie 7270 was small (Figure 93b). 
Maximum leaf area indice (LAI) calculated by the regression equation 
was attained between 80 and 90 days from planting in all cultivars. These 
maximum values were slightly earlier for early-maturing than for late-
maturing cultivars (Figure 96). Williams had smaller LAI at early measure­
ment dates when compared to Corsoy, but these differences were reversed 
later in the growing season (Figure 97, 1977). In addition. Hark produced 
the least LAI at most measurement dates when compared to all other culti­
vars. Soil-moisture stress reduced LAI of all soybean cultivars at most 
measurement dates (Figure 96). 
1978 Experiment 
Equations (6) and (7), which were described in the Materials and 
Methods section, showed a good fit for plant dry matter and leaf area per 
2 plant, respectively, with R values larger than 0.90 for most cultivars 
(Figures 98-99). Figure 100 shows the relationship between leaf area per 
plant and plant dry weight in 1978 and indicates that this linearity 
between the parameters is true only for a short time. 
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Figures 101-103 display the changes in NAR, RGR, RLGR, CGR, and LAI 
during the 1978 growing season based on regression procedures. NAR 
increased slightly from beginning bloom (R^) to beginning seed (R^) but 
decreased after this time (Figure 101a). This was consistent with 1977 
results. Williams had a smaller and a larger NAR at early and late meas­
urement dates, respectively, when compared to Hodgson (Figure 91, 1978). 
Soil-moisture stress reduced slightly NAR of Hodgson and Ottilie 7270 at 
most of the measurement dates (Figure 101a). 
RGR, as calculated by the regression procedure, declined with time 
(Figure 101b). Much of the decline in RGR can be attributed to increase in 
self-shading. Hodgson possessed a greater and a smaller RGR at early and 
late measurement dates, respectively, when compared to Williams. RGR in 
Hodgson was slightly affected by soil-moisture stress, but this effect for 
Ottilie 7270 was very small (Figure 101b). 
RLGR declined with time; it was zero at R^ and negative thereafter. 
Again, much of the decline can be attributed to the increase in self-
shading. The cultivar differences at early measurement dates were small. 
Williams, however, had larger RLGR at end of the growing season (Figure 94, 
1978). Small soil-moisture effects on RLGR were observed for both Hodgson 
and Ottilie 7270 cultivars (Figure 102a). 
CGR increased from the first weekly sampling to beginning seed (R^) 
and then declined quite sharply (Figure 102a). Hodgson generally had 
higher CGR at early measurement dates when compared to Williams, but these 
cultivar differences were reversed later. It must be emphasized that in 
2 1978, early-maturing cultivars had a greater planting rate (seeds/m ) and 
2 larger plant population (plants/m ) when compared to late-maturing 
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Figure 101. Effects of two treatments on the change in NAR and RGR with 
time calculated by regression methods for Hodgson and Ottilie 
7270 in 1978 
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Figure 102. Effects of two treatments on the change in RLGR and CÇR with 
time calculated by regression methods for Hodgson and Ottilie 
7270 in 1978 
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ure 103. Changes ir LAI with time calculated by regression method 
six soybean cultivars and two soil-moisture levels, 1978 
experiment 
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cultivars (Appendix B). These plant population differences were intended 
to reduce lodging in the late-maturing cultivars. There is the possibility 
that these plant population differences intensified CGR differences between 
early- and late-maturing cultivars. Soil-moisture stress reduced CGR of 
Hodgson and Ottilie 7270 and the soil-moisture stress effects on CGR : f 
Ottilie 7270 were smaller than for Hodgson (Figure 102b). 
Maximum leaf area index (LAI) was attained between 80 and 85 days from 
planting in all soybean cultivars. This attainment was slightly earlier 
for early-maturing than for late-maturing cultivars (Figure 103). Williams 
possessed smaller LAI at early-measurement dates when compared to Hodgson. 
At the end of the growing season, however, Hodgson had smaller LAI than 
Williams. Again, it must be noted that lower plant population in late-
maturing cultivars, especially Williams, diluted the LAI differences 
between some cultivars. Williams produced larger leaf area per plant when 
compared to Hodgson (Figure 53), but lower plant population in Williams 
resulted with smaller LAI differences when compared to leaf area per plant 
differences. Soil-moisture stress reduced LAI in most of the cultivars, 
and this effect on late-maturing cultivars was smaller than on early-
maturing cultivars. Soil-moisture stress caused more leaf fall in early 
than late-maturing cultivars. 
205 
SUMMARY AND CONCLUSIONS 
The experiments in 1977 and 1978 were conducted at the Hinds Farm 
located one mile north of Ames, Iowa, to evaluate soil-moisture stress 
effects on reproductive and vegetative components of soybeans. Corsoy, 
Harcor, Ottilie 7270, Beeson, Hark, and Williams were grown both years, 
with Hodgson being added to the 1978 soybean experiment. These cultivars 
listed by maturing from early to late were as follows: Hodgson, Corsoy, 
Harcor, Hark, Ottilie 7270, Beeson, and Williams. 
The plants were subjected to different soil-moisture treatments (irri­
gated and natural). Furrow irrigation was applied to irrigated plots, and 
the natural plots were maintained under natural conditions. Major interest 
was concerned with cultivar differences, soil-moisture stress effects, and 
soil-moisture by cultivar interactions on reproductive and vegetative com­
ponents of soybeans. 
In general, differences in reproductive and vegetative components were 
identified among soybean cultivars. These differences were mainly between 
late- and early-maturing cultivars. For instance, late-maturing cultivars 
produced greater nodes per plant, fewer pods per node, slightly greater 
seeds per pod, and larger weight per seed than did the early-maturing cul­
tivars. Soil-moisture stress reduced most reproductive and vegetative 
components of soybeans. Seasonal precipitation patterns, stage of develop­
ment when soil-moisture stress occurred, and time of cultivar maturation 
were critical for determination of these soybean components' reductions. 
In 1977 early season drought decreased both reproductive and vegeta­
tive components of most soybean cultivars. In addition, late-season 
206 
precipitation favored stressed, late-maturing cultivars and resulted with 
small final reproductive component differences between stressed and non-
stressed plants. Again, in 1978 mid-season drought decreased both repro­
ductive and vegetative components of soybeans. These effects were, how­
ever, smaller for vegetative than they were for reproductive components, 
and late-maturing cultivars showed smaller response to soil-moisture stress 
quantitatively than did the early-maturing cultivars. 
Cultivar differences, soil-moisture stress effects, and cultivar by 
soil-moisture interactions on reproductive and vegetative components are 
specifically summarized under five different sections: (1) final grain 
yield and yield components, (2) seasonal development of vegetative compo­
nents, (3) seasonal development of reproductive components, (4) dry matter 
accumulation, and (5) growth analysis. In these summaries, year of experi­
ment is not given when the conclusion is consistent for both 1977 and 1978. 
Final Grain Yield and Yield Components 
1. In 1977 late-maturing cultivars produced greater grain yield than did 
the early-maturing cultivars, and Williams had the most. 
2. In 1978 small grain yield differences were observed between late-
maturing and early-maturing cultivars. But late-maturing cultivars 
produced greater nodes per plant, fewer pods per node, slightly greater 
seeds per pod, and larger weight per seed than did the early-maturing 
cultivars. 
3. In 1977 early-maturing cultivars had greater pod and seed number but 
smaller pod and seed dry weight per unit area than did the late-
maturing cultivars. However, weight per pod, weight per pod wall, and 
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total pod wall dry weight for the late-maturing cultivars were larger 
than these parameters were for the early-maturing cultivars. 
4. These soybean cultivars expressed a greater contribution of yield char­
acteristics centered on middle nodes with decreased contribution from 
nodes approaching both ends of the plant. A larger percentage of yield 
from branches was associated with the early-maturing cultivars. 
5. Pod number, pod dry weights, seed number, and seed dry weights of the 
late-maturing cultivars were less on the bottom nodes compared to 
early-maturing cultivars. Probably greater light interception by upper 
and middle leaves, favorable environmental condition, and a longer 
growth period caused late-maturing cultivars, especially Williams, to 
produce greater grain yield on middle and upper nodes when compared to 
any of the 1977 cultivars. 
6. Early-maturing cultivars in 1978 had more but smaller pods and seeds 
than the late-maturing cultivars. Consequently, pod and seed dry 
weights did not seem to be different for the early- and late-maturing 
cultivars. Also, early-maturing cultivars produced smaller pod walls 
and less total pod wall dry weights than did the late-maturing culti­
vars . 
7. Late-maturing cultivars produced larger and smaller pods and pod walls 
on the upper and bottom nodes, respectively, than did early-maturing 
cultivars. 
8. Although early-maturing cultivars had more seed weight on the bottom 
nodes compared to late-maturing cultivars, late-maturing cultivars had 
more seed dry weight on upper nodes. This resulted with no significant 
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differences in total plant seed dry weight between early- and late-
maturing cultivars in 1978. 
9. Pods per node and seeds per pod in 1978 were very critical in determin­
ing final grain yield differences between stressed and nonstressed 
plants. However, yield reductions of late-maturing cultivars were 
closely related to reduction of either pods per node or seeds per pod. 
10. Soil-moisture stress in 1977 decreased the grain yield of early-
maturing cultivars, but no significant grain yield differences were 
observed for late-maturing cultivars. In 1978 soil-moisture stress 
reduced the grain yield of all soybean cultivars. However, the yield 
decrements due to soil-moisture stress affected late-maturing less than 
early-maturing cultivars. 
11. Soil-moisture stress in 1977 reduced the number of seeds of early-
maturing cultivars. Late-maturing cultivars, however, showed a small 
soil-moisture stress response for this parameter. No significant soil-
moisture stress effects on weight per seed were detected. 
12. Soil-moisture stress in 1978 reduced pods per node and seeds per pod 
below the irrigated controls for all cultivars, but weight per seed was 
reduced only for the early-maturing cultivars. The magnitude of the 
soil-moisture stress effects on all yield characteristics, except pod 
and seed dry weight, were greater for early- than for late-maturing 
cultivars. 
13. In 1977 soil-moisture stress reduced pod and seed numbers and pod and 
seed dry weights on most of the nodes of the most soybean cultivars. 
Smaller soil-moisture effects, however, were observed for the late-
maturing, particularly Williams, than for the early-maturing cultivars. 
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In 1978 soil-moisture stress decreased pod and seed number, pod, seed, 
and pod wall dry weights, weight per pod, pod wall, and seed, and seeds 
per pod on many nodes of most soybean cultivars. However, some soil-
moisture response differences were identified among cultivars. 
Seasonal Development of Vegetative Components 
At beginning maturity (R^), cultivar heights varied through a range of 
30 centimeters in the 1977 irrigated plots, with Ottilie 7270 being the 
shortest and Williams the tallest. In 1978 this range was 19 centi­
meters with Hodgson being the shortest and Williams the tallest. 
Soil-moisture stress in 1977 reduced plant height of all soybean culti­
vars. Nevertheless, smaller soil-moisture stress effects on late-
maturing were observed than on early-maturing cultivars. Late season 
precipitation probably favored natural plots of late-maturing cultivars 
more than the early-maturing cultivars. These effects on 1978 plant 
heights were small for early-maturing cultivars. 
In 1977 at beginning maturity (R^), nonirrigated, late-maturing had 
more nodes than did early-maturing cultivars. In 1978 Williams and 
Hodgson produced the greatest and the smallest number of nodes, respec­
tively. Soil-moisture stress in 1977 reduced the node number for all 
soybean cultivars. The soil-moisture effect on node number was smaller 
in late- than in early-maturing cultivars. No significant node number 
differences were found between 1978 stressed and nonstressed plants. 
In general the internode length of late-maturing cultivars was shorter 
than for early-maturing cultivars. Soil-moisture stress in 1977 
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reduced intemode length for all soybean cultivars at most weekly 
measurements. 
Soil-moisture stress effects on the height of late-maturing cultivars 
were reflected mainly in differences in intemode length. But soil-
moisture effects on the height of early-maturing cultivars were 
reflected in both node number and intemode length differences. 
At seed development (R^-R^), most soybean cultivars had attained their 
greatest seasonal leaf area. The decreased leaf area observed during 
the late part of growing season is due to senescence. 
At 1977 beginning seed (R^), the leaf area differed through a range of 
2 2200 cm per plant in irrigated plots, with Hark being the smallest and 
2 Williams the greatest. This range was 900 cm in 1978 with Hodgson and 
Hark being the smallest and Williams the largest. Soil-moisture stress 
in 1977 reduced leaf area per plant for all soybean cultivars. Also, 
in 1978 plant-leaf area differences between irrigated and natural plots 
were evident after furrow irrigation. 
During seed development (R^-Rg), most cultivars possessed their sea­
sonal maximum of leaflet number. The decrease in leaflet number 
observed during the late part of the growing season is due to lower-
leaf drop. 
At beginning seed (R^), the leaflet number varied through a range of 8 
in 1977 irrigated plots, with Williams being the largest. In 1978 the 
leaflet number difference at beginning seed (R^) was less than 3 leaf­
lets among irrigated soybean cultivars. 
Soil-moisture stress in 1977 decreased the leaflet number of most soy­
bean cultivars. In 1978 greater soil-moisture stress effects on 
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Hodgson and Corsoy leaflet number were observed when compared to all 
other cultivars. The decrease in average leaflet area observed during 
the later part of the growing season is due to the loss of relatively 
large leaflets in the bottom portion of canopy. 
11. At beginning seed (R^), average leaflet area varied through a range of 
2 36 cm in 1977 irrigated plots, with Hark being the smallest and 
2 Williams the largest. This range in 1978 was 30 cm , with Hark and 
Williams being the smallest and the largest, respectively. 
12. Soil-moisture stress in 1977 reduced the average leaflet area for all 
soybean cultivars at most weekly measurements. In 1978 the average 
leaflet area differences between irrigated and natural plots were evi­
dent at 96 and 105 days after planting, but the largest decrements were 
associated with Hodgson and Corsoy. 
13. Greater leaf density—thickness was observed at later measurement dates, 
and leaves of early-maturing cultivars possessed larger leaf density-
thickness than did late-maturing cultivars as calculated weekly across 
all plots, regardless of stage of development. 
14. Although soil-moisture stress did not affect leaf density-thickness 
during the early and late 1977 measurements, significant increases were 
detected for all soybean cultivars at some weekly measurements, indi­
cating smaller leaf expansion and/or larger dry matter accumulation per 
unit leaf area for stressed compared to nonstressed plants. In 1978 it 
seemed that these effects on leaf density-thickness for Hodgson and 
Corsoy were greater when compared to all other cultivars. 
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Seasonal Development of Reproductive Components 
1. In general the effects of soil-moisture stress on reproductive stages 
of development were small. Also, no significant cultivar by soil-
moisture interactions was observed. 
2- After an initial lag period, pod number per plant and pods per node 
increased to a maximum value and then decreased in most soybean culti­
vars. The loss of pods during the later reproductive stages was more 
evident in irrigated plots with greater pod number. 
3. The late-maturing cultivars and Hark had fewer pod number per plant 
and pods per node when compared to Hodgson, Corsoy, and Harcor at most 
measurement dates. The cultivar differences in natural plots were 
smaller than in irrigated plots. Also, the cultivar differences at 
late measurement dates were more evident than at early measurement 
dates. 
4. In 1977 soil-moisture stress reduced pod number per plant and pods per 
node at most early measurement dates. At late measurement dates, late-
maturing cultivars responded to above-normal August rains and showed a 
lesser soil-moisture stress effect. 
5. In 1978 irrigated plants had a greater number of pods per plant and 
pods per node than the nonirrigated plants at all weekly measurements. 
Hodgson and Corsoy showed a larger response to soil-moisture stress 
than all other cultivars. 
6. Late-maturing cultivars had smaller weight per pod and pod dry weights 
per plant at early measurement dates when compared to early-maturing 
cultivars. However, early-maturing cultivars possessed smaller weights 
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per pod and pod dry weights at the end of the crop growing season than 
did the late-maturing cultivars. 
7. In 1977 soil-moisture stress increased weight per pod and reduced pod 
dry weight per plant at most measurement dates. The effect of soil-
moisture stress on these parameters for late-maturing cultivars was 
small at most measurement dates when compared to early-maturing culti­
vars. The weight per pod increases observed in 1977 nonirrigated plots 
represent a compensation for loss of potential pod sites. 
8. At 1977 early measurement dates, the extent of compensation by increas­
ing weight per pod in early-maturing cultivars was enough to almost 
fully compensate for the substantial loss in pod number. However, 
later in the season this compensation effect was not enough to account 
for a full pod number compensation. 
9. In 1978 soil-moisture stress reduced both weight per pod and pod dry 
weight per plant at almost all measurement dates after furrow irriga­
tion. The magnitude of the soil-moisture stress effects on these 
parameters was greater for early- than for late-maturing cultivars. 
10. Within the 1978 early-maturing cultivars, the reduction of weight per 
pod and pod dry weight per plant for Hark and Harcor was less affected 
than for Hodgson and Corsoy. Overall cultivars, the weight per pod, 
and pod dry weight reductions caused by soil-moisture stress were gen­
erally larger for Hodgson. 
Dry Matter Accumulation, Above Ground 
1. At beginning bloom (R^ ), most of the weight of soybeans consisted of 
leaves. Thereafter, the percentage of leaves gradually dropped and 
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reached approximately 30% at beginning seed (R^ ). The stem dry matter 
was more stable than that of the leaves, being approximately 43% at the 
first stage of development (R^ ) and dropping to 30% at the end of the 
season. 
All cultivars developed at the nearly same rate through first stage of 
growth (R^ ). After this stage, gradual differences between cultivars 
were observed, and early-maturing cultivars were in full bloom (Rg) 
sooner than the others. These differences in rate of development 
increased with time and were maximized at maturity. 
Between beginning bloom (R^ ) and beginning seed (R^ ), above-ground 
parts (leaves and stems) showed an increase in dry matter accumulation 
with time. Total dry matter accumulation in above-ground plant parts 
shewed a rapid increase between full bloom (Rg) and full seed (R^ ). 
Also, there was an appreciable increase in the dry matter of the pods 
during the period from beginning pod (R_) to full seed (R ). j o 
At seed development (R^ -R^ ), most cultivars had attained their greatest 
seasonal leaf and stem dry weight. The decreased leaf dry weight 
observed during the late part of the growing season was due to senes­
cence. And the decrease in stem dry weight observed during the late 
part of the growing season is mainly due to stem carbohydrate translo­
cation, respiration, and petiole fall. 
At full seed (R^ ), most of the cultivars had attained their greatest 
seasonal plant dry weight. 
At most measurement dates, late-maturing cultivars produced a greater 
percentage of reproductive dry matter than did early-maturing cultivars. 
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The ratio of pod dry weight to vegetative dry weights was smaller in 
late-maturing cultivars when compared to early-maturing cultivars. 
Early-maturing cultivars in 1977 had smaller leaf dry matter percentage 
differences between stressed and nonstressed plants when compared to 
late-maturing cultivars. 
At beginning seed (R^ ), the leaf dry weights differed through a range 
of 9 grams per plant in irrigated plots, with Hark being the smallest 
and Williams the largest in 1977. In 1978 there was a range of 4.5 
grams per plant leaf dry matter among nonstressed soybean cultivars 
with Hodgson being the smallest and Williams the largest. 
At beginning seed (R^ ), the stem dry weights varied through a range of 
16 grams per plant in irrigated plots, with Hark and Ottilit 7270 being 
the smallest and Williams the largest. Likewise in 1978 there was a 
range of 11 grams per plant stem dry matter among irrigated soybean 
cultivars with Hodgson and Williams being the smallest and the largest, 
respectively. 
Williams produced the largest final stem dry weight among soybean cul­
tivars. .And late-maturing cultivars had smaller loss in stem dry 
weight when compared to early-maturing cultivars. 
In 1978 the combination of early-maturing cultivars produced greater 
branch stem dry weights when compared to late-maturing cultivars. 
The total above-ground dry weight in 1977 differed through a range of 
25 grams per plant in irrigated plots, with Hark and Williams being the 
smallest and largest, respectively. In 1978 there was a range of 16 
grams per plant total above-ground plant dry matter among nonstressed 
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soybean cultivars with Hodgson and Hark being the smallest and Williams 
and Beeson the largest. 
13. In 1977 soil-moisture stress increased the percentage of leaf dry 
weight, the percentage of pod dry weight, and the reproductive to vege­
tative dry weight ratio but reduced the percentages of stem dry weight 
at most measurement dates. In general most of the cultivars showed 
small leaf dry matter percentage differences between natural and irri­
gated plots at 1977 late measurement dates. 
14. In 1977 early-maturing cultivars had smaller dry matter percentage dif­
ferences between stressed and nonstressed plants when compared to late-
maturing cultivars. 
15. Soil-moisture stress reduced the dry weights of leaves, stems, and 
total above-ground plant parts for all soybean cultivars at most 1977 
measurement dates. 
16. In 1978 soil-moisture stress reduced leaf dry weight for all soybean 
cultivars at most weekly measurement dates. However, at 96 days after 
planting, the soil-moisture stress effects on late-maturing cultivars 
were small when compared to early-maturing cultivars. Within the 
early-maturing cultivars, Harcor and Hark leaf dry weights were least 
affected by soil-moisture stress at most measurement dates. 
17. Soil-moisture stress reduced stem dry weights for all soybean cultivars 
at most 1978 weekly measurement dates. Late-maturing cultivars, how­
ever, showed smaller soil-moisture stress effects on stem dry weights 
at late measurement dates. Also, soil-moisture stress reduced the 
branch-stem-dry weight of most soybean cultivars. 
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18. In 1978 soil-moisture stress decreased total above-ground plant dry 
weights for all soybean cultivars at most weekly measurement dates. In 
general less soil-moisture effects on total above-ground plant dry mat­
ter were found for late-maturing than for early-maturing cultivars. 
19. Soil-moisture stress reduced the loss in stem dry weight in most of the 
1977 cultivars. This suggests that nonirrigated plants were more 
sink-limited because of more flower or pod abortion and/or destruction 
of meristemic, embryonic pod tissues. 
20. There was more stem dry weight loss due to carbohydrate translocation, 
respiration, and petiole fall when the pod dry weight to stem dry 
weight ratio before 1977 seed development (R^ -R^ ) was small. 
21. Soil-moisture stress intensified the loss in stem dry weight of early-
maturing cultivars but reduced slightly this loss for late-maturing 
cultivars. Averaged over all cultivars, the percentage stem dry weight 
loss differences for irrigated and natural plots were small in 1978. 
Growth Analysis 
In this section, all cultivars will not be presented. However, exam­
ples are selected which illustrate the others. Corsoy or Hodgson and 
Ottilie 7270 were chosen to show soil-moisture stress effect differences on 
growth indices between early- and late-maturing cultivars, respectively. 
1. Exponential equations were used to describe changes in dry matter as a 
function of time. But parabolic equations were the best to describe 
leaf area per plant as a function of time. 
2. Linear relationships between leaf area per plant and plant dry matter 
were true only for a short period of time. Consequently, NAR 
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calculated by either regression or classical procedures did not follow 
the same patterns. 
3. RGR, RLGR, and CGR showed a good similarity between regression and 
classical procedures. 
4. NAR was decreased both at the beginning and the end of the growing sea­
son, and there was a slow NAR increase from beginning bloom (R^ ) to 
beginning seed (R^ ). 
5. RGR and RLGR calculated by the regression technique declined with time 
in general agreement with values of meai RGR and RLGR calculated from 
the classical equations. RLGR had a zero value at beginning seed (R^ ) 
and then declined to negative values. 
6. CGR calculated by regression and classical procedures and LAI calcu­
lated by regression methods increased from the first sampling time to 
beginning seed (R^ ) and then declined quite sharply. 
7. Williams expressed a smaller NAR, RGR, RLGR, CGR, and LAI at early 
measurement dates when compared to Corsoy or Hodgson, but these differ­
ences were reversed during the later part of the growing season. How­
ever, at early measurement dates the RLGR differences between Corsoy 
and Williams in 1977 and Hodgson and Williams in 1978 were small. 
8. Soil-moisture stress in 1977 reduced slightly NAR and RGR for early-
maturing cultivars and increased these parameters for late-maturing 
cultivars. These parameters in 1978 were slightly decreased by soil-
moisture stress for Hodgson, but this effect on RGR of Ottilie 7270 was 
very small. 
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9. Small soil-moisture stress effects on RLGR were observed in both 1977 
and 1978. Soil-moisture stress reduced CGR of Hodgson and Ottilia 7270, 
and this effect on CGR of Ottilie 7270 was smaller than for Hodgson. 
10. Soil-moisture stress in 1977 reduced the LAI of all soybean cultivars 
at most measurement dates. Late-maturing cultivars showed smaller 
soil-moisture stress effects on LAI when compared to early-maturing 
cultivars. In 1978 LAI differences between irrigated and natural plots 
were evident after furrow irrigation for all soybean cultivars. 
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APPENDIX A. 
EXPERIMENTAL LAYOUTS 
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Table A.l. Experimental layout, 1977 experiment 
425* 422 421 426 423 424 225 222 226 223 224 221 
412 414 416 413 415 411 214 211 213 216 212 215 
313 314 316 312 311 315 122 126 121 124 124 125 
321 325 323 324 322 326 115 111 116 113 114 112 
R^MC where R = replication 
M = moisture-stress treatment 
1 = irrigated 
2 = natural 
C = cultivar 
1 = Corsoy 
2 = Harcor 
3 = Ottilie 
4 = Beeson 
5 = Hark 
6 = Williams. 
Table A.2. Experimental layout, 1978 experiment 
822* 825 821 826 824 827 823 712 711 715 713 714 717 716 
811 814 815 812 813 817 816 727 725 723 724 722 721 726 
621 625 623 622 626 624 627 523 527 524 526 522 525 521 
617 615 616 612 614 611 613 516 512 515 513 511 517 514 
423 425 424 422 421 427 426 321 324 325 323 327 326 322 
417 412 414 415 416 411 413 312 316 316 313 315 311 314 
225 227 226 222 221 224 223 115 111 112 117 113 114 116 
217 215 212 211 214 213 216 127 124 122 123 125 121 126 
^RMC where R = replication 
M = moisture-stress treatment 
L = irrigated 
2 = natural 
C = cultivar 
1 = Corsoy 
2 = Harcor 
3 = Ottilie 
4 = Beeson 
5 = Hark 
6 = Williams. 
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Table B.l. Planting rate, plant population, and harvesting time for 1977 
experiment 
Cultivar 
Planting 
rate 
(seeds/m2) 
Plant 
population 
(plants/m^ ) 
Harvesting 
time 
Corsoy 25 17 Oct. 10, 1977 
Harcor 25 17 Oct. 10, 1977 
Ottilie 25 17 Oct. 10, 1977 
Beeson 25 17 Oct. 10, 1977 
Hark 25 17 Oct. 10, 1977 
Williams 25 17 Oct. 10, 1977 
Table B.2. Planting rate, plant population,^  and harvesting time for 1978 
experiment 
Cultivar 
Planting 
rate ^  
(seeds/m ) 
Plant 
population 
(plants/m^ ) 
Harvesting 
time 
Corsoy 55 37 Sept. 23, 1978 
Harcor 55 33 Sept. 23, 1978 
Ottilie 46 33 Sept. 28, 1978 
Beeson 46 31 Sept. 28, 1978 
Hark 55 33 Sept. 23, 1978 
Williams 46 27 Oct. 7, 1978 
Hodgson 60 37 Sept. 9, 1978 
P^lant population was calculated from 2m samples at maturity. 
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1 
2 
3 
4 
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7 
8 
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4 
5 
6 
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Soil physical data by depth increments, samples taken from 
Hodgson plots, July 27, 1978 
Depth Sand Silt Clay 
(cm) >50y 50-3y <9y 
0-30 35 43 22 
" 28 47 25 
38 43 19 
31 44 25 
28 48 24 
31 47 22 
31 45 24 
30 47 23 
30-60 56 32 12 
24 52 24 
43 40 17 
30 48 22 
33 45 22 
36 43 21 
32 45 23 
31 45 24 
60-90 75 15 10 
42 42 16 
62 27 11 
22 54 24 
46 39 15 
33 45 22 
45 40 15 
24 49 27 
90-120 83 10 7 
20 63 17 
72 19 9 
19 5/! 27 
45 40 15 
28 47 25 
44 41 15 
20 55 25 
120-150 77 17 6 
56 31 13 
78 15 7 
16 58 26 
45 41 14 
40 42 18 
39 43 18 
27 51 22 
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Table D.l. Weather data for the 1977 season by Julian date 
Precip- Open pan 
Julian Temperature (C) itation evaporation Wind  ^ PAR 
date Maximum Minimum (mm) (mm) (km day ) (E m~ day~^ ) 
152 27.8 12.8 0.0 12.7 263.9 0.00 
153 25.0 8.9 0.0 8.9 123.9 0.00 
154 27.2 12.2 0.0 11.7 201.1 0.00 
155 32.2 18.3 0.0 12.4 270.3 0.00 
156 36.7 23.9 0.0 11.4 244.6 0.00 
157 23.3 17.8 0.0 18.0 365.2 0.00 
158 27.8 8.9 0.0 10.7 168.9 51.70 
159 25.6 15.6 7.6 7.6 185.0 72.55 
160 22.2 8.9 0.0 11.7 223.7 26.68 
161 35.6 14.4 0.0 14.5 337.9 57.34 
162 32.8 22.8 0.0 13.5 252.6 50.74 
163 24.4 18.9 0.0 10.7 231.7 44.62 
164 23.3 13.9 0.0 6.9 146.4 43.62 
165 26.7 12.2 0.0 7.6 93.3 57.51 
166 27.8 12.8 0.0 10.2 167.3 53.87 
167 28.9 18.3 1.5 7.4 214.0 28.79 
168 28.3 18.9 0.0 4.3 111.0 43.82 
169 27.8 15.6 0.0 12.4 207.6 63.66 
170 28.9 11.1 0.0 9.4 154.5 56.65 
171 25.6 14.4 0.0 12.4 196.3 63.70 
172 20.6 13.3 0.0 5.8 115.8 16.45 
173 26.7 13.3 0.0 7.4 154.5 53.99 
174 30.0 17.2 6.6 7.9 210.8 46.28 
175 32.8 16.7 3.3 7.6 104.6 56.14 
176 29.4 15.0 0.0 8.9 112.6 64.70 
177 32.8 14.4 0.0 9.4 96.5 62.94 
178 34.4 16.7 0.0 11.7 157.7 53.40 
179 25.0 20.0 0.0 9.7 223.7 53.40 
180 29.4 11.1 0.0 12.4 186.6 64.42 
181 24.4 18.9 1.3 11.2 289.6 49.70 
182 28.3 13.3 0.0 14.0 276.7 49.70 
183 29.4 11.1 0.0 11.4 185.0 53.50 
184 36.7 22.2 0.0 14.5 439.3 59.09 
185 36.7 23.3 0.0 17.0 294.4 61.46 
186 36.7 20.0 0.0 17.5 308.9 60.25 
187 36.7 25.6 22.6 15.5 297.7 57.09 
188 30.0 20.0 0.0 11.4 157.7 49.35 
189 28.3 21.1 0.0 9.4 151.2 55.33 
190 26.1 13.3 0.0 8.6 125.5 65.39 
191 28.3 15.0 0.0 10.7 173.8 49.73 
192 32.2 17.2 0.5 7.9 209.2 47.52 
193 30.6 15. 0  0.0 8.6 119.1 61.38 
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Table D.l. (continued) 
Precip- Open pan 
Julian Temperature (C) itation evaporation Wind PAR 
date Maximum Minimum (mm) (mm) (km day~^ ) (E m"^  day"^ ) 
194  36 .7  16 .7  0 . 0  13 .0  159 . 3  57 .93  
195  36 .7  21 . 1  0 . 0  18 .5  302 .5  60 .36  
196  32 .2  20 .0  4 . 3  9 .4  148 .0  46 .81  
1 9 7  34 .4  20 . 0  0 . 5  13 .2  265 .5  52 .77  
198  26 .7  20 . 0  4 . 6  4 . 3  173 . 8  17 .07  
199  35 .0  21 .7  0 . 0  9 .7  247 .8  50 .94  
200  34 . 4  21 . 1  0 . 0  13 .2  297 .7  58 .00  
20 1  34 . 4  21 . 1  0 . 0  12 .7  226 .9  49 .97  
202  26 .1  20 . 0  3 . 8  7 .4  181 . 8  26 .85  
2 0 3  27 .2  1 5 .0  0 . 0  8 .1  107 . 8  59 .86  
204  30 .0  16 .7  0 . 0  10 .2  173 .8  44 .27  
205  30 .0  21 .1  4 . 3  5 . 3  159 .3  33 .49  
206  26 . 1  19 .4  0 . 0  9 .7  180 .2  5 8  6 9  
207  25 .6  12 . 8  0 . 0  9 .4  107 . 8  5 3 .5 7  
208  26 . 1  12 .2  0 . 0  10 .2  181 . 8  56 .41  
209  31 .1  14 .4  23 .4  8 . 1  1 9 4 .7  3 8 .7 4  
2 1 0  31 .1  16 .7  0 . 0  5 . 8  123 .9  55 .51  
2 11  33 .3  17 .8  5 . 1  11 .4  207 .9  53 . 16  
212  24 .4  13 .9  0 . 0  9 .4  197 .9  61 .21  
213  28 .3  10 .6  20 .8  9 . 4  136 .8  44 ,17  
214  26 .7  16 .7  0 . 0  5 .6  210 .8  53 .99  
215  31 .1  15 .6  0 . 0  8 .4  138 .4  55 .02  
216  27 .8  16 .7  0 . 0  3 .8  93 .3  3 6 .3 9  
217  2 3 .3  17 .2  7 . 1  5 . 6  117 .5  19 .70  
218  21 . 1  1 5 .6  0 . 0  3 .3  8 6 .9  21 . 64  
219  28 .9  16 . 1  0 . 0  2 . 8  85 .3  41 .92  
220  23 .9  17 .2  1 0 2 .6  4 . 1  131 .9  2 8 .8 6  
2 21  24 .4  18 .3  16 .5  6 . 1  149 .6  31 .52  
222  22 .2  17 .2  0 . 0  5 .3  140 .0  48 .94  
223  21 .7  12 .2  0 . 0  5 .6  148 .0  53 .12  
224  24 .4  8 . 3  0 .0  8 .6  146 .4  58 . 06  
225  23 .9  13 .9  0 . 0  3 .6  188 .3  31 .49  
226  21 .1  9 . 4  0 . 0  5 . 3  77 .2  32 .25  
227  24 .4  11 . 1  0 . 0  3 .8  130 .3  32 .25  
2 28  17 .8  16 . 1  7 7 .0  2 . 5  236 .5  17 .00  
229  21 .1  12 .2  0 . 0  3 .8  130 .3  55 .82  
230  21 . 1  6 . 7  1 . 3  5 . 8  78 .8  • 47 .80  
231  22 . 8  1 3 .3  2 . 0  3 .8  130 .3  28 .65  
232  22 .8  1 2 .8  4 . 3  3 .0  115 .8  3 7 .3 3  
233  23 . 3  15 .6  0 . 0  5 .6  148 .0  47 .28  
234  2 2 .8  10 .0  0 . 0  5 .1  130 .3  31 .87  
235  18 .9  14 .4  0 . 0  3 . 3  1 0 4 .6  38 . 26  
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Table D.1. (continued) 
Precip- Open pan 
Julian Temperature (C) itation evaporation Wind PAR 
date Maximum Minimum (mm) (mm) (km day"^ ) (E m"^  day~^ ) 
236  21 .7  8 .9  0 .0  4 .6  101 .4  53 .19  
237  22 .8  10 .6  0 .0  7 .1  196 .3  26 .61  
238  26 .7  18 .9  13 .0  2 .3  255 .8  22 .64  
239  28 .9  21 .1  1 .3  9 .7  426 .4  40 .02  
240  19 .4  16 .7  49 .5  2 .5  193 .1  21 .98  
241  22 .8  10 .0  0 .3  4 .1  69 .2  48 .97  
242  26 .1  15 .0  0 .0  3 .8  164 .1  24 .12  
243  26 .7  17 .2  16 .8  7 .1  313 .8  38 .50  
244  24 .4  16 .1  3 .6  7 .9  143 .2  38 .36  
245  22 .2  16 .7  0 .0  1 .8  168 .9  31 .14  
246  18 .9  14 .4  9 .9  4 .8  114 .2  14 .38  
247  24 .4  17 .2  0 .0  1 .8  167 .3  24 .68  
248  23 .3  12 .2  0 .0  4 .8  117 .5  45 .86  
249  26 .7  11 .1  0 .0  4 .6  75 .6  45 .28  
250  23 .3  16 .1  10 .7  4 .8  94 .9  35 .15  
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Table D.2. Weather data for the 1978 season by Julian date 
Precip- Open pan Solar 
Julian Temperature (C) itation evaporation Wind  ^ radiation 
date Maximum Minimum (mm) (mm) (km day ) (LY day~^ ) 
152 17.8 14.4 0.0 7.1 125 519.2 
153 21.1 7.2 0.0 5.8 71 651.6 
154 24 = 4 9.4 0.0 5.3 58 603.6 
155 27.2 8.9 0.0 9.7 82 664.2 
156 26.7 10.0 0.0 7.6 60 611.8 
157 26.0 11.1 0.0 7.4 61 460.6 
158 26.1 13.9 3.8 5.1 96 482.8 
159 22.2 5.6 0.0 6.9 130 712.4 
160 27.8 7.8 0.0 8.6 68 706.4 
161 30.0 17.8 0.0 14.5 228 679.6 
162 28.9 20.0 0.0 9.9 234 563.8 
163 25.6 13.3 3.0 9.1 103 624.8 
164 26.7 7.8 0.0 9.9 70 695.0 
165 23.3 17.2 0.0 9.1 155 247.4 
166 28.3 16.1 20.3 - 245 564.0 
167 31.1 23.3 0.0 5.6 158 476.6 
168 27,8 21.1 0.0 5.3 109 383.0 
169 26.1 13.9 1.3 7.6 89 610.2 
170 28.9 12.8 0.0 11.7 118 717.0 
171 21.1 14.4 29.7 - 173 489.3 
172 24.4 8.9 0.0 5.8 57 734.6 
173 23.9 16.7 29.2 6.9 86 409.9 
174 25.6 16.1 0.0 6.6 90 323.0 
175 30.6 20.0 0.0 3.0 49 594.4 
176 30.6 22.2 0.0 5.1 102 439.3 
177 31.1 20.0 0.0 5.6 91 639.9 
178 30.6 17.8 0.0 6.1 76 628.6 
179 30.0 17.8 12.7 - 50 364.9 
180 31.1 19.4 0.0 3.3 83 508.6 
181 32.2 23.3 0.0 6.1 80 676.0 
182 27.2 23.3 0.0 6.1 102 256.8 
183 28.9 18.9 0.0 5.6 90 690.7 
184 29.4 16.7 0.0 7.9 47 693.2 
185 28.9 18.3 3.8 5.1 83 553.4 
186 33.9 22.2 22.6 7.6 132 672.8 
187 28.9 20.0 12.4 8.6 117 400.7 
188 27.8 18.3 0.0 9.7 114 651.7 
189 27.2 15.0 43.4 3.8 59 707.2 
190 24.4 18.9 0.0 - 99 568.5 
191 24.4 11.1 0.0 7.9 79 634.4 
192 25.0 13.3 2.8 5.1 65 669.9 
193 26.7 17.8 0.0 5.1 147 311.8 
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Table D.2. (continued) 
Precip- Open pan Solar 
Julian Temperature (C) itation evaporation Wind_j radiation 
date Maximum Minimum (mm) (mm) (km day ) (LY day~^ ) 
194 27.8 17.8 0.0 5.1 89 695.8 
195 30.6 16.7 0,0 4.6 48 430.3 
196 32.2 18.9 0.0 6.6 48 660.0 
197 32.2 17.8 0.0 7.4 54 726.1 
198 31.7 22.8 18.0 8.6 116 622.1 
199 32.2 21.1 7.1 - 157 544.0 
200 33.3 21.1 0.0 7.6 85 612.6 
201 25.0 22.2 6.1 3.8 45 172.8 
202 27.8 20.0 29.0 2.5 68 214.1 
203 26.1 21.1 0.5 5.1 83 350.6 
204 26.7 13.3 0.0 4.6 70 666.6 
205 25.6 12.2 0.0 6.9 47 678.2 
206 33.3 17.2 1.5 5.8 116 631.4 
207 28.3 22.2 0.0 9.4 94 659.8 
208 25.6 15.6 0.0 7.6 93 673.9 
209 29.4 12.2 0.0 6.4 93 546.0 
210 24.4 18.9 0.0 4.1 115 339.6 
211 25.6 16.1 0.0 1.5 39 439.9 
212 26.7 14.4 0.0 5.3 50 510.4 
213 28.9 14.4 3.0 5.3 51 475.5 
214 27.2 16.7 0.0 6.1 73 510.8 
215 23.3 14.4 0.0 7.4 88 640.7 
216 26.1 7.7 0.0 5.1 30 627.3 
217 28.3 8.9 0.0 7.4 56 604.3 
218 28.3 11.1 0.0 5.8 41 581.4 
219 28.9 13.9 0.0 7.6 84 574.1 
220 30.0 19.4 0.0 5.8 130 402.7 
221 29.4 13.9 0.0 5.6 31 582.5 
222 26.7 16.7 0.0 6.6 38 508.6 
223 26.7 13.9 0.0 4.1 41 322.0 
224 30.0 14.4 0.0 4.8 49 569.0 
225 30.6 16.7 0.0 8.1 J. 00 564.6 
226 33.3 21.1 3.8 7.9 143 504.1 
227 27.8 20.0 0.3 8.6 131 383.7 
228 30.0 15.6 1.5 6.9 161 578.0 
229 28.9 17.8 0.0 8.9 133 522.6 
230 28.3 21.1 0.0 5.3 121 327.6 
231 26.1 11.1 0.0 6.1 114 595.4 
232 26.7 6.7 1.5 8.9 83 568.5 
233 222.2 12.8 47.8 7.6 73 167.5 
234 32.2 17.2 0.0 3.8 117 471.0 
235 32.8 20.6 0.0 9.9 153 581.5 
237 
Table D.2. (continued) 
Precip- Open pan Solar 
Julian Temperature (C) itation evaporation Wind_^  radiation 
date Maximum Minimum (mm) (mm) (km day ) (LY day~^ ) 
236 34.4 20.6 0.0 4.6 76 468.7 
237 28.3 21.1 17.0 3.6 52 248.1 
238 28.9 21.2 11.2 3.0 83 302.0 
239 28.3 19.4 58.4 - 109 386.7 
240 25.6 17.8 0.0 4.6 79 488.5 
241 26.1 11.7 0.0 5.6 69 =75.5 
242 28.3 11.1 0.0 5.1 31 574.3 
243 25.7 11.1 0.0 7.6 67 529.8 
244 27.8 13.9 0.0 6.4 135 430.7 
245 31.1 18.3 0.0 5.8 141 458.7 
246 31.7 17.8 0.0 5.3 35 507.4 
247 30.6 13.3 0.0 6.9 44 503.5 
248 30.6 11.1 0.0 5.6 66 501.3 
249 33.3 13.9 0.0 6.9 79 480.0 
250 36.1 17.2 0.0 6.9 79 401.6 
251 33.3 16.1 0.0 6.6 48 442.5 
252 33.3 16.7 0.0 6.6 48 387.0 
253 31.1 16.7 0.0 8.4 75 420.6 
254 32.2 18.9 0.0 8.4 142 416.0 
255 31.7 21.1 59.4 5.8 160 270.0 
256 26.1 17.8 20.1 - 132 253.2 
257 24.4 13.9 0.0 - 107 459.8 
258 28.9 12.2 0.0 4.8 77 385.8 
259 30.0 16.7 0.0 1.8 59 183.2 
260 19.4 12.2 14.5 3.8 139 183.2 
261 29.4 19.4 0.0 3.3 135 226.2 
262 28.3 21.1 2.8 5 .8  122 226.2 
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Table E.l. Soil-moisture profile for different dates in 1978 
Soil-moisture (cm/ft) 
0-•30 30--60 60-•90 90-•120 120-150 
Nb I N I N I N I N 
July 27, 1978 (Hodgson plots) 
1 8.1 6.1 4.8 3.6 5.1 
2 8.9 9.7 8.9 8.4 8.1 
3 7.6 8.4 6.6 5.8 4.6  
4 8.9 9.9 11.7 13.2 13.2 
5 8.9 9.1 8.6 9.1 9.4 
6 8.6 8.9 9.1 8.9 8.1 
7 8.9 9.1 8.4 8.9 9.7 
8 9.9 9.9 10.4 9.1 9.1 
August 3, 1978 
I 6.6 4.3 3.6 4.6 8.4 
2 8.1 9.7 9.9 8.6 8.9 
3 6.6 7.4 5.3 4.6 3.8 
4 8.4 8.1 11.4 14.2 13.2 
5 8.6 8.1 7.9 9.9 9.4 
6 8.4 8.6 7.9 8.4 9.4 
7 5.8 6.1 6.9 8.1 8.4 
8 7,8 5.6 8.6 9.1 8.1 
August 12, 1978 
1 10.2 6.1 7.4 5.3 6.1 3.3 6.4 3.0 6.9 5.6 
2 10.4 6.1 9.9 5.3 8.9 5.6 8.4 6.6 7.9 7.4 
3 9.7 6.4 7.6 7.4 4.8 9.7 4.8 9.4 5.3 9.1 
4 9.9 6.4  10.4 6.5 9.7 8.6 9.4 8.4 8.9 7.4 
5 9.9 6.9 9.9 7.6 8.1 7.4 8.9 7.9 8.6 7.1 
6 9.1 5.8 8.6 5.8 8.9 7.9 8.4 9.4 7.6 9.4 
7 7.1 6.1 8.4 5.6 8.4 5.3 8.6 6.9 7.9 7.4 
8 8.9 6.4 8.4 7.1 8.4 7.4 8.9 7.6 8.6 8.4 
- irrigated. 
- natural. 
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Table F.l. Calendar to Julian date conversion for 1977 and 1978 seasons 
Julian Julian Julian 
Month Day date Month Day date Month Day date 
5 1 121 6 11 162 7 22 203 
5 2 122 6 12 163 7 23 204 
5 3 123 6 13 164 7 24 205 
5 4 124 6 14 165 7 25 206 
5 5 125 6 15 166 7 26 207 
5 6 126 6 16 167 27 208 
5 7 127 6 17 168 7 28 209 
5 8 128 6 18 169 7 29 210 
5 9 129 6 19 170 7 30 211 
5 10 130 6 20 171 7 31 212 
5 11 131 6 21 172 8 1 213 
5 12 132 6 22 173 8 2 214 
5 13 133 6 23 174 8 3 215 
5 14 134 6 24 175 8 4 216 
5 15 135 6 25 176 8 5 217 
5 16 136 6 26 177 8 6 218 
5 17 137 6 27 178 8 7 219 
5 18 138 6 28 179 8 8 220 
5 19 139 6 29 180 8 9 221 
5 20 140 6 30 181 8 10 222 
5 21 141 7 1 182 8 11 223 
5 22 142 7 2 183 8 12 224 
5 23 143 3 184 8 13 225 
5 24 144 7 4 185 8 14 226 
5 25 145 7 5 186 8 15 227 
5 26 146 7 6 187 8 16 228 
5 27 147 7 7 188 8 17 229 
5 28 148 7 8 189 8 18 230 
5 29 149 7 9 190 8 19 231 
5 30 150 7 10 191 8 20 232 
5 31 151 7 11 192 8 21 233 
6 1 152 7 12 193 8 22 234 
6 2 153 7 13 194 8 23 235 
6 3 154 7 14 195 8 24 236 
6 4 155 7 15 196 8 25 237 
6 5 156 7 16 197 8 26 238 
6 6 157 7 17 198 8 27 239 
6 7 158 7 18 199 8 28 240 
6 8 159 7 19 200 8 29 241 
6 9 160 7 20 201 8 30 242 
6 10 161 7 21 202 8 31 243 
